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ABSTRACT

Trends in and Factors Associated with Cesarean Delivery among Women with Low-Risk
Pregnancies at New York City Hospitals, 2012-2017
By
Ellen Brazier
Advisor: Denis Nash, MPH PhD
BACKGROUND: While Cesarean delivery is a life-saving procedure when certain
complications arise, it is associated with increased risks of maternal mortality and morbidity, as
well as neonatal and childhood morbidities, and increased risks for women during subsequent
pregnancies. Stark and persistent racial/ethnic disparities in Cesarean delivery that are not
explained by clinical risks raise concerns about overuse of the procedure, as well as the
contribution of potentially avoidable Cesareans to disparities in maternal mortality and
morbidity. Understanding the extent to which disparities in Cesarean delivery may be
attributable to differences in care during labor is critical for addressing these disparities.
Accordingly, this dissertation focused on examining obstetric care among women with low-risk
pregnancies in New York City (NYC) with the aim of identifying potentially modifiable factors
contributing to racial/ethnic disparities in Cesarean delivery.
METHODS: The dissertation comprised three studies that drew on a population-based, crosssectional birth cohort, using birth certificate records for NYC, for the period 2012-2017. The
study was restricted to women with low-risk pregnancies, defined as nulliparous singleton,
vertex-presentation (NTSV) pregnancies with no contraindications to vaginal delivery at term
(≥37-41 weeks’ gestation) giving birth in NYC hospitals. Deliveries to women with prior births
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were excluded, along with non-singleton pregnancies, and stillbirths. For Aim 1, controlled
interrupted time series (CITS) analysis was used to describe and quantify the effect of the 2014
consensus statement by the American College of Obstetricians and Gynecologists (ACOG) and
the Society for Maternal-Fetal Medicine (SMFM) on the prevention of avoidable primary
Cesareans on age-standardized Cesarean rates among women with NTSV deliveries. For Aim 2,
causal mediation analysis was used to examine the extent to which racial/ethnic disparities in
NTSV Cesareans were mediated through non-absolute indications for Cesarean delivery and
non-medically indicated induction of labor (IO) at 39 weeks’ gestation. For Aim 3, multilevel
logistic regression was used to quantify between-hospital variation in Cesarean delivery during
2015-2017, overall and by maternal race/ethnicity, and to examine the association between
hospital characteristics (e.g., public vs. private ownership, delivery caseload, interventionist
approach to delivery care, and staffing by licensed midwives) and Cesarean delivery, overall and
by maternal race/ethnicity.
RESULTS: Our CITS analyses showed that the 2014 ACOG-SMFM recommendations on
reducing unnecessary primary Cesareans led to a small but significant decrease in Cesarean
delivery (risk ratio: 0.94; 95% CI: 0.92-0.97), with no change in the control series of nulliparous
women with pre-term, non-singleton pregnancies or non-vertex presentation births. The effect of
the ACOG-SMFM recommendations differed by maternal race/ethnicity, with decreases in agestandardized NTSV Cesarean rates observed among non-Hispanic White women (risk ratio:
0.93; 95% CI: 0.88-0.98) and Hispanic women (risk ratio: 0.92; 95% CI: 0.87-0.97), and no
change among non-Hispanic Black or Asian women. This analysis also showed significant
decreases in Cesareans for dystocia indications, a key focus of the ACOG-SMFM
recommendations. Decreases in Cesareans were observed at minority- and non-minority-serving
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hospitals, however, the overall decrease at minority-serving hospitals was of marginal statistical
significance (p=0.048), and at non-minority-serving hospitals, statistically significant decreases
in Cesarean rates were observed only among non-Hispanic White women.
Mediation analyses (Aim 2) showed that non-Hispanic Black, Asian and Hispanic women
were significantly more likely than non-Hispanic White women to be diagnosed with nonabsolute Cesarean indications, and these differences explained a substantial proportion of excess
Cesarean risks—from approximately 14% among non-Hispanic Black women to 50% among
Asian and Hispanic women. Labor induction with no medical indication at 39 weeks was rare,
and it was slightly more prevalent among non-Hispanic Black, Asian and Hispanic women
compared with non-Hispanic White women. While it was not significantly associated with
Cesarean delivery among non-Hispanic White women, non-medically indicated IOL at 39 weeks
was associated with reduced risks of Cesarean delivery among non-White women, and our
mediation analyses suggested that eliminating differences in non-medically indicated IOL would
increase racial/ethnic disparities in Cesarean delivery by approximately 4% among non-Hispanic
Black women and 9% among Asian and Hispanic women.
In Aim 3, among 127,449 women with NTSV deliveries between 2015 and 2017, multilevel
logistic regression analyses showed that general contextual effects were small, indicating little
between-hospital variation after adjustment for maternal and hospital characteristics. The
variation explained by hospital of delivery and hospital characteristics associated with Cesarean
delivery differed by maternal race/ethnicity, with delivery in a teaching hospital reducing odds of
Cesarean delivery among non-Hispanic White and Asian women, but not among non-Hispanic
Black or Hispanic women. Other hospital characteristics (e.g., public vs. private ownership,
delivery caseload, interventionist approach to delivery care, and staffing by licensed midwives)
iii

were not consistently associated with Cesarean delivery.
DISCUSSION: Our findings related to decreases in age-standardized NTSV Cesarean rates,
overall, and in Cesareans for dystocia indications provide encouraging evidence that primary
Cesarean rates may be modifiable through changes in labor management strategies, such as those
recommended by the ACOG and SMFM. The results from causal mediation analyses provide
further support for the ACOG/SMFM recommendations for reducing unnecessary primary
Cesareans—and particularly Cesareans for non-absolute indications, as such indications appear
to contribute to excess Cesarean risks among non-Hispanic Black, Asian and Hispanic women.
At the same time, however, the lack of change in overall Cesarean rates among non-Hispanic
Black women after the 2014 recommendations, as well as the lack of any decrease in Cesareans
for dystocia indications among these women, raise concerns about differential care by maternal
race/ethnicity. Similarly, findings from our our multilevel regression analysis that delivery in a
teaching hospital reduces Cesarean risks for non-Hispanic White and Asian women, but not for
Black or Hispanic women suggest that the provision of obstetric care differs by maternal
race/ethnicity. As provider practices during labor and delivery are potentially modifiable through
training and other hospital-level interventions, further examination of racial/ethnic disparities in
obstetric care is critical for advancing birth equity and redressing persistent disparities in
pregnancy outcomes.

iv

TABLE OF CONTENTS
TABLE OF CONTENTS ............................................................................................................. v
LIST OF TABLES AND FIGURES........................................................................................... ix
ACKNOWLEGEMENTS ........................................................................................................... xi
DISCLOSURES ......................................................................................................................... xiii
CHAPTER 1: INTRODUCTION................................................................................................ 1
INTRODUCTION....................................................................................................................... 1
GAPS IN THE LITERATURE ................................................................................................... 6
DISSERTATION AIMS ............................................................................................................. 8
OVERVIEW OF METHODOLOGICAL APPROACHES ...................................................... 10
PUBLIC HEALTH IMPLICATIONS ...................................................................................... 13
CONCLUSIONS ....................................................................................................................... 14
REFERENCES .......................................................................................................................... 15
CHAPTER 2: IMPACT OF NEW LABOR MANAGEMENT GUIDELINES ON
CESAREAN RATES AMONG LOW-RISK BIRTHS IN NEW YORK CITY (AIM 1)..... 22
ABSTRACT .............................................................................................................................. 22
INTRODUCTION..................................................................................................................... 24
METHODS................................................................................................................................ 26
RESULTS.................................................................................................................................. 30
DISCUSSION ........................................................................................................................... 35
REFERENCES .......................................................................................................................... 40
TABLES AND FIGURES ........................................................................................................ 42
Figure 1. Sample flow chart .................................................................................................. 42
Figure 2. NTSV Cesarean rate with control series ................................................................ 43
Figure 3. NTSV Cesarean rates, by maternal race/ethnicity, with control series .................. 44
Figure 4. NTSV Cesarean rate, by indication type ................................................................ 45
Figure 5. NTSV Cesarean rate, by indication type and maternal race/ethnicity ................... 46
Figure 6. NTSV Cesarean rate, by hospital type and maternal race/ethnicity....................... 47
Table 1. Characteristics of nulliparous women with NTSV and non-NTSV deliveries, at
NYC hospitals, 2012-2017 .................................................................................................... 48
Table 2. Level and trend changes in Cesarean rates, by indication type and maternal
race/ethnicity, after ACOG-SMFM's recommendations of 2014, NYC hospitals: 2012-2017
............................................................................................................................................... 50
v

Table 3. Level and trend changes in NTSV Cesarean rates, by hospital type and maternal
race/ethnicity, after ACOG-SMFM's recommendations of 2014, NYC hospitals: 2012-2017
............................................................................................................................................... 51
Table 4. Risk of Cesarean delivery attributable to race/ethnicity, and avertable Cesareans,
post-ACOG recommendation: April 2014-December 2017 .................................................. 52
Supplementary Online Appendix: Methodological details ................................................... 53
Supplemental Table 1. Level and trend changes in Cesarean rates, by indication type and
maternal race/ethnicity, allowing for 3-month lag in adoption of ACOG-SMFM
recommendation, New York City hospitals, 2012-2017 ....................................................... 55
Supplemental Table 2. Level and trend changes in NTSV Cesarean rates after ACOGSMFM's recommendation of 2014, adjusting for seasonality, NYC hospitals: 2012-2017 .. 56
Supplemental Table 3. Level and trend changes in Cesarean delivery, by Cesarean reason
and maternal race/ethnicity, after ACOG-SMFM's recommendation of 2014, NYC hospitals,
2012-2017 .............................................................................................................................. 57
CHAPTER 3: THE CONTRIBUTION OF LABOR MANAGEMENT PRACTICES TO
RACIAL/ETHNIC DISPARITIES IN CESAREAN DELIVERY: A CAUSAL
MEDIATION ANALYSIS (AIM 2) .......................................................................................... 58
ABSTRACT .............................................................................................................................. 58
INTRODUCTION..................................................................................................................... 59
METHODS................................................................................................................................ 60
RESULTS.................................................................................................................................. 65
DISCUSSION ........................................................................................................................... 69
REFERENCES .......................................................................................................................... 74
TABLES AND FIGURES ........................................................................................................ 79
Figure 1. Flow chart for inclusion of births ........................................................................... 79
Figure 2. Hypothesized relationships between exposure, mediators, confounders and
outcomes of interest ............................................................................................................... 80
Figure 3. Excess risks for CS explained by hypothesized mediators, by maternal
race/ethnicity, estimated by Med4Way ................................................................................. 81
Figure 4. Excess risks for CS explained by mediation, by maternal race/ethnicity, estimated
by g-estimation ...................................................................................................................... 82
Table 1A. Characteristics of women with low-risk births at NYC hospitals: 2012-2017 ..... 83
Table 1B. Characteristics of women with low-risk births delivering at or after 39 weeks’
gestation, NYC hospitals: 2012-2017.................................................................................... 84
Table 2. Associations between race/ethnicity and hypothesized mediators at NYC hospitals:
2012-2017 .............................................................................................................................. 85

vi

Table 3. Associations between maternal race/ethnicity and Cesarean risk at NYC hospitals:
2012-2017 .............................................................................................................................. 86
Table 4. Modification of the association between maternal race/ethnicity and Cesarean
delivery by (A) non-absolute Cesarean indications and (B) non-medically indicated IOL at
39 weeks at NYC hospitals: 2012-2017 ................................................................................ 87
Table 5. Mediation analysis and four-way decomposition of effects of labor management
practices on Cesarean risks, among NTSV births at NYC hospitals: 2012-2017 ................. 88
Table 6. Estimated counterfactual disparity measure (CDM) and proportion of excess
Cesareans explained by labor management practices among NTSV births at NYC hospitals:
2012-2017 .............................................................................................................................. 89
Table S1. Comparison of Counterfactual Disparity Measure (CDM)* estimates from gestimation, inverse probability-weighted marginal structural models (IPW MSM), and
structural transformation........................................................................................................ 90
CHAPTER 4: RACIAL/ETHNIC VARIATION IN LOW-RISK CESAREAN RATES AT
NEW YORK CITY HOSPITALS: THE CONTRIBUTION OF HOSPITAL-LEVEL
FACTORS (AIM 3)..................................................................................................................... 91
ABSTRACT .............................................................................................................................. 91
INTRODUCTION..................................................................................................................... 92
MATERIALS AND METHODS .............................................................................................. 94
RESULTS.................................................................................................................................. 98
DISCUSSION ......................................................................................................................... 103
CONCLUSION ....................................................................................................................... 107
REFERENCES ........................................................................................................................ 109
TABLES AND FIGURES ...................................................................................................... 114
Figure 1. Flow chart for inclusion of births ......................................................................... 114
Figure 2. Proportion of deliveries by Cesarean section at New York City hospitals (20152017) .................................................................................................................................... 115
Table 1. Maternal and hospital characteristics for NTSV deliveries at NYC hospitals, 20152017 ..................................................................................................................................... 116
Table 1. Maternal and hospital characteristics for NTSV deliveries at NYC hospitals, 20152017 (continued) .................................................................................................................. 117
Table 2. Multilevel logistic regression analysis of Cesarean delivery among women with
NTSV births at New York City hospitals, 2015-2017......................................................... 118
Table 3. General and specific contextual effects of hospitals on odds of Cesarean delivery by
maternal race/ethnicity, New York City hospitals, 2015-2017 ........................................... 119
CHAPTER 5: DISCUSSION ................................................................................................... 120
INTRODUCTION................................................................................................................... 120
vii

SUMMARY OF RESULTS .................................................................................................... 122
IMPLICATIONS FOR POLICY AND PRACTICE .............................................................. 124
LIMITATIONS ....................................................................................................................... 126
STRENGTHS .......................................................................................................................... 129
FURTHER RESEARCH ......................................................................................................... 131
CONCLUSIONS ..................................................................................................................... 133
REFERENCES ........................................................................................................................ 134

viii

LIST OF TABLES AND FIGURES
CHAPTER 2 - AIM 1
Figure 1. Sample flow chart
Figure 2. NTSV Cesarean rate with control series
Figure 3. NTSV Cesarean rates, by maternal race/ethnicity, with control series
Figure 4. NTSV Cesarean rate, by indication type
Figure 5. NTSV Cesarean rate, by indication type and maternal race/ethnicity
Figure 6. NTSV Cesarean rate, by hospital type and maternal race/ethnicity
Table 1.

Characteristics of nulliparous women with NTSV and non-NTSV deliveries, at
NYC hospitals: 2012-2017

Table 2.

Level and trend changes in Cesarean rates, by indication type and maternal
race/ethnicity, after ACOG-SMFM's recommendations of 2014, NYC hospitals:
2012-2017

Table 3.

Level and trend changes in NTSV Cesarean rates, by hospital type and maternal
race/ethnicity, after ACOG-SMFM's recommendations of 2014, NYC hospitals:
2012-2017

Table 4.

Risk of Cesarean delivery attributable to race/ethnicity, and avertable Cesareans,
post-ACOG recommendation: April 2014-December 2017

Supplemental Table 1. Level and trend changes in Cesarean rates, by indication type and
maternal race/ethnicity, allowing for 3-month lag in adoption of ACOG-SMFM
recommendation, NYC hospitals, 2012-2017
Supplemental Table 2. Level and trend changes in NTSV Cesarean rates after ACOGSMFM's recommendation of 2014, adjusting for seasonality, NYC hospitals:
2012-2017
Supplemental Table 3. Level and trend changes in Cesarean delivery, by Cesarean reason and
maternal race/ethnicity, after ACOG-SMFM's recommendation of 2014, NYC
hospitals, 2012-2017
CHAPTER 3 - AIM 2
Figure 1. Flow chart for inclusion of births
Figure 2. Hypothesized relationships between exposure, mediators, confounders and
outcomes of interest
Table 1A. Characteristics of women with low-risk births at NYC hospitals: 2012-2017
ix

Table 1B. Characteristics of women with low-risk births delivering at or after 39 weeks’
gestation, NYC hospitals: 2012-2017
Table 2.

Associations between race/ethnicity and hypothesized mediators at NYC
hospitals: 2012-2017

Table 3.

Associations between maternal race/ethnicity and Cesarean risk at NYC hospitals:
2012-2017

Table 4.

Modification of the association between maternal race/ethnicity and Cesarean
delivery by (A) non-absolute Cesarean indications and (B) non-medically
indicated IOL at 39 weeks at NYC hospitals: 2012-2017

Table 5.

Mediation analysis and four-way decomposition of effects of labor management
practices on Cesarean risks, among NTSV births at NYC hospitals: 2012-2017

Table 6.

Estimated counterfactual disparity measure (CDM) and proportion of excess
Cesareans explained by labor management practices among NTSV births at NYC
hospitals: 2012-2017

CHAPTER 4 - AIM 3
Figure 1. Flow chart for inclusion of births
Figure 2. Proportion of deliveries by Cesarean section at New York City hospitals (20152017)
Table 1.

Characteristics of NTSV deliveries at NYC hospitals, 2015-2017

Table 2.

Multilevel logistic regression analysis of Cesarean delivery among women with
NTSV births at New York City hospitals, 2015-2017

Table 3.

General and specific contextual effects of hospitals on odds of Cesarean delivery
by maternal race/ethnicity at New York City hospitals, 2015-2017

x

ACKNOWLEGEMENTS
I would like to acknowledge and express my heartfelt thanks to my dissertation committee,
Denis Nash, Luisa N. Borrell, Mary Huynh, and Elizabeth A. Kelly whose guidance, support,
and encouragement were vital throughout my work on this project. I am especially grateful to
Denis Nash for his generous mentorship, advice, and support throughout the doctoral program,
and for being willing to take me and this project on. In addition, I want to express my
appreciation to Luisa Borrell for her instantaneous feedback, her unfailing responsiveness, and
her tireless advocacy for her students. I am grateful too to Mary Huynh, for encouraging me to
apply to the CUNY SPH doctoral program and for being willing to supervise and support this
work, as well as to Elizabeth Kelly for her passion about the questions explored in this work and
her assurance that they are worthy of study.

I would also like to express my gratitude to the CUNY Graduate School of Public Health and
Health Policy and particularly the Epidemiology & Biostatistics Department for admitting me to
the doctoral program. I am truly thankful to have had this opportunity. I also want to express my
appreciation for fellow members of my “Epi cohort,” Maddy Travers and Aprielle Willis, as well
as those who came before me, McKaylee Robertson and Olga Tymejczyk, for their advice along
the way, Renée Fiorentino whose insights helped inspire this project, and Professor Ashley
Naimi for his advice about causal mediation analysis in disparities research. In addition, I would
like to acknowledge staff of the Bureau of Vital Statistics of the New York City Department of
Health and Mental Hygiene, especially Berton Freedman, Wenhui Li, and Ying Sun for their
help with my data requests during a particularly challenging time for public health.

xi

On a light note, I would like to give a shout out to “The Greyhound”, my trusty bicycle, which
accompanied me on this five-year 11,500-mile journey, and never let me down on my Brooklynto-Harlem commutes. Relatedly, I would like to thank the New York City Department of
Transportation for installing lights along the Hudson River bike path between 102nd and 125th
streets, which made the journey safer.

On a serious note, I want to thank Patrick Phillips, my partner in all things. I am so grateful for
your wholehearted and unwavering encouragement, commiseration, reassurance, and support
throughout this endeavor—as well as for your expertise in bike mechanics and troubleshooting
computer problems. I could not have done this without you. And, last, but not least, I want to
thank my sons, Cam and Sid, for cheering me on and for taking on chores when I needed to
make some headway with this project. Words cannot express how lucky I am to have you.

xii

DISCLOSURES
Contributors
This dissertation is the authors’ original work. This study was strictly conducted for a doctor of
philosophy degree at the City University of New York (CUNY) Graduate School of Public
Health and Health Policy. The dissertation committee members contributed feedback on various
drafts of each section of the dissertation.

Conflicts of Interest
None declared

xiii

CHAPTER 1: INTRODUCTION
INTRODUCTION
Cesarean delivery can be a life-saving intervention when certain maternal or fetal
complications arise.1,2 However, compared with vaginal delivery, Cesarean delivery is associated
with increased risks of maternal mortality and morbidity, including obstetric hemorrhage,
infection, and deep vein thrombosis.2-5 Cesarean delivery also increases risks during subsequent
pregnancies, including risks of placental disorders and uterine rupture, and it is associated with
childhood morbidities, such as increased risks of childhood asthma and obesity.2,6,7
Rates of Cesarean delivery in the U.S. have increased by about 50% since 1990, and in 2019
32% of all births in the United States were delivered by Cesarean.8 Primary (i.e., first) Cesareans
are a major driver of overall Cesarean rates.1,3,9 Changes in maternal clinical factors do not
adequately account for temporal trends in Cesarean delivery, as increases in the U.S. Cesarean
rate have not been accompanied by parallel increases in maternal health conditions that are
absolute indications for Cesarean delivery.4,10 Increased rates of Cesarean delivery do not appear
to be driven by differences in women’s preferences regarding childbirth, as research indicates
that the vast majority of women prefer to deliver vaginally and that elective Cesareans are often
instigated by physicians.5 Rising Cesarean rates in the U.S. have raised concerns about overuse
of the procedure, particularly as Cesarean rates above 20% have not been found to be associated
with any maternal, perinatal or neonatal benefits.1,9 In addition, the financial cost of Cesarean
delivery is significant—to both women and their families, as well as to the health care system;
studies suggest that the costs of Cesarean delivery are at least 60% higher than vaginal
delivery.3,11
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There is considerable variation in Cesarean rates across hospitals. Nationally, hospital
Cesarean rates range from 7.1% to 69.9% of all births, with greater variation found in Cesarean
rates for women with low-risk pregnancies (2.4% to 36.4%).12,13 Research on non-patient factors
associated with Cesarean delivery have examined diverse hospital characteristics, including
administration/ownership, teaching status, and models of service delivery and staffing. A study
of New York City hospitals found that among Medicaid beneficiaries, risk-adjusted odds of
primary Cesarean delivery were 1.12 times higher in private hospitals than public hospitals (95%
CI: 1.08-1.15),14 with similar findings reported by a study of low-risk births in Arizona that
compared for-profit to non-profit hospitals (OR: 1.13; 95% CI: 1.01-1.26).15 Studies comparing
teaching hospitals to non-teaching hospitals have reported mixed findings, with two studies
reporting higher odds of Cesarean delivery at teaching hospitals compared with non-teaching
hospitals (OR 1.16 to 2.47),15,16 and others reporting lower Cesarean rates at teaching institutions
(OR 0.88: 95% CI: 0.86-0.89)17 or no association.13,18 These inconsistent findings may reflect
variation in confounder adjustment strategies and analytic approaches, which range from simple
descriptive statistics and nonparametric statistical tests for bivariate associations13,18 to singlelevel regression analyses15,17 and classification and regression tree analysis.16
It has been hypothesized that traditional “private practice” models of obstetric care (i.e.,
practitioners providing care to scheduled patients during office hours while being on-call to
attend deliveries during nights/weekends) may lead to labor management decisions, such as labor
induction, augmentation, or delivery by Cesarean, that serve to maximize revenue and expedite
labor and delivery. In contrast, “laborist” models (i.e., continuous care model by practitioners
who work scheduled shifts, with potentially reduced pay but greater family/work-life balance for
providers) are thought not to incentivize providers to accelerate labor and delivery.17,19-21 While

2

single-hospital studies have reported higher risk-adjusted odds of Cesarean delivery among
women served by a private practice model compared with a laborist model (OR estimates of 1.38
to 2.11),21,22 two multi-hospital studies found no significant difference in Cesarean delivery rates
between hospitals with laborist models of care and those with traditional private practice
models.23,24 These contradictory findings may reflect variation in the way laborist models are
operationalized, as well as provider practices within each model.25,26
Hospital-level Cesarean rates have also be found to be associated with labor admission and
management practices, including early labor admission (i.e., admission of maternity patients
during the latent phase of labor)27 and practices reflecting an interventionist approach to care
(e.g., routine placement of IV line, performing complete blood work for all patients, and
prohibiting eating during labor in low-risk women (RRs 1.16 to 1.28).18 Variation has also been
reported in provider Cesarean rates, with 3- to 6-fold differences in Cesarean rates for providers
with similar qualifications and patient case-mix.25,28-31 While some studies have found no
differences in Cesarean rates by provider type (e.g., midwives vs. obstetrician/gynecologists)19,32
other studies31,33,34 have found that delivery by midwives is associated with lower Cesarean
rates—finding that may reflect the fact that midwives are less likely to attend high-risk births.
Other external factors, such as health care payment systems and liability/malpractice
considerations, may also influence obstetric care. Studies have shown higher Cesarean rates
among women with traditional private insurance plans compared with public insurance or with
HMO plans with lower reimbursement rates.9,14,17 In addition, ecological studies have reported
that Cesarean rates are positively correlated with malpractice insurance premiums, suggesting an
association that may reflect either the practice of defensive medicine or efforts to increase
revenue to off-set administrative costs.35,36 However, other research suggests that such practices
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are not major drivers of Cesarean rates.37
There are large and persistent disparities in Cesarean delivery by maternal race/ethnicity. In
2019, nationally, the proportion of U.S. births delivered by Cesarean section was 35.9% among
non-Hispanic Black women, compared with 30.7% among non-Hispanic White women.8 Larger
disparities are found among women with low-risk pregnancies (i.e., singleton, term, vertex
presentation), with the percentage of low-risk births by Cesarean 21.5% higher among nonHispanic Black women than non-Hispanic White women.8 Studies examining Cesarean delivery
have controlled for an inconsistent array of socio-demographic and medical factors as potential
confounders, and many have relied on analytic approaches (e.g., stepwise regression,
identification of confounders based on a 10% change in coefficient estimates, and overadjustment for confounding) that are currently viewed as outdated or inappropriate. These
methodological limitations notwithstanding, past research indicates that non-Hispanic Black
women are 20% to 30% more likely to deliver by Cesarean than non-Hispanic White women,
with relative risks among Hispanic and Asian women, respectively, ranging from 1.1 to 1.2 and
0.9 to 1.4.5,14,38-42
Available data suggest that Cesarean disparities may be markers of poor-quality obstetric
care, with women from racially and socioeconomically disadvantaged groups at particular risk
for Cesareans that are potentially avoidable through appropriate labor management. A recent
analysis of national birth certificate data showed that non-White women with low-risk
pregnancies are more likely to deliver by Cesarean compared with White women, whereas those
with higher clinical risks have lower rates of Cesarean delivery.43 Studies have also found that
Cesareans are more likely to be performed for non-absolute indications (i.e., labor dystocia and
indeterminate fetal heart tracings) among non-Hispanic Black women, Hispanic women and
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other minorities, compared with non-Hispanic White women.38,40,41,44 Labor dystocia and
indeterminant fetal heart tracings are considered non-absolute or subjective indications because
there is considerable variation in the diagnosis of dystocia,45 and because of low inter- and intraobserver reliability in the interpretation of fetal heart tracings.46-49
While understudied, research suggests that the provision of obstetric care varies by maternal
race/ethnicity. For example, studies have reported lower rates of labor induction among nonHispanic Black women, compared with non-Hispanic White women,50-54 Similarly, studies of
anesthesia use during childbirth show that non-Hispanic Black women are significantly less
likely than non-Hispanic White women to receive neuraxial anesthesia (epidural, spinal, and
combined-spinal epidural anesthesia) during vaginal deliveries, while being more likely to
receive general anesthesia during Cesareans, instead of neuraxial anesthesia.55-60 These findings
are consistent with research in other areas of health care (e.g., cancer care, chronic disease,
mental health, and emergency care) showing that that non-White patients are less likely to
receive medical care that accords with current clinical guidelines.54,63,64
Implicit bias is thought to contribute to such differences in care, and some evidence indicates
that interventions to standardize clinical practice may reduce Cesareans and disparities in
Cesarean delivery. A recent systematic review61 concluded that the implementation of clinical
practice guidelines combined with a mandatory second opinion about Cesarean indications is
effective in reducing overall Cesarean delivery rates. Similarly, a recent study found that the
introduction of a standardized labor induction protocol reduced disparities in Cesarean delivery,
with a significant decrease in Cesarean deliveries among non-Hispanic Black women and no
change among non-Hispanic White women.62 These findings prompt questions about the extent
to which persistent Cesarean disparities may be driven in part by differential care rather than
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racial/ethnic differences in maternal risks.

GAPS IN THE LITERATURE
In 2014, the American College of Obstetricians and Gynecologists (ACOG) and the Society
for Maternal-Fetal Medicine (SMFM) issued a consensus statement4 on unnecessary primary
Cesareans, which called attention to the performance of Cesarean for non-absolute indications—
namely labor dystocia and indeterminate fetal heart tracings. More than 60% of primary
Cesareans in the U.S., are conducted for these indications.3,46,47,63 In view of available evidence,
ACOG and SMFM recommended alternative labor management strategies to reduce unnecessary
primary Cesareans for these indications.
There has been little research to date on the impact of the 2014 consensus statement by the
American College of Obstetricians and Gynecologists (ACOG) and the Society for MaternalFetal Medicine (SMFM) on the prevention of primary Cesarean delivery, apart from singlehospital studies, relying on retrospective record reviews.64-68 While these studies have reported
significant post-guideline decreases in the primary Cesarean rates, to our knowledge, there are no
multi-hospital or population-based studies exploring whether the 2014 ACOG-SMFM
recommendations have led to reductions specifically targeted by the guidelines—namely primary
Cesareans across hospitals among women with low-risk pregnancies or to the attenuation of
racial/ethnic disparities in primary Cesareans.
The contribution of variation in obstetric care to overall racial/ethnic disparities in Cesarean
delivery is also unknown, and the association between labor management practices, such as
induction of labor (IOL) with no medical indication, and Cesarean delivery is unclear. Some
studies have reported that non-medically indicated IOL increases risks of Cesarean delivery,69-71
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and others have found no effect72-75 or protective effects (i.e., reduced risks of Cesarean
delivery).76-80 Notably, among other strategies to reduce primary Cesareans, the 2014 ACOGSMFM consensus statement discouraged IOL with no medical indication prior to 41 weeks’
gestation, whereas ACOG-SMFM recommendations of 2009 and 2013 (which were reaffirmed
in 2019), discouraged IOL with no medical indication prior to 39 weeks’ gestation because of
increased risks for neonates and infants delivered before 39 weeks.81-84 A recent multi-center
randomized trial, known as the ARRIVE trial,80 which compared IOL with no medical indication
at 39 weeks’ gestation to expectant management, reported a lower likelihood of Cesarean
delivery with IOL, with no significant differences in neonatal outcomes compared with expectant
management. However, important study limitations included the inability to blind obstetric care
providers and pregnant women to treatment assignment, and there were no uniform protocols for
labor management and criteria for performing Cesareans. While the ARRIVE results are being
interpreted as evidence that non-medically indicated IOL at 39 weeks is not harmful,85 the
association between IOL without medical indication and the likelihood of Cesarean delivery
remains unclear.
Finally, the role of hospital-level factors in Cesarean disparities is not well understood. While
multilevel analysis has been extensively used in studying neighborhood effects on health, few
studies of obstetric care in the U.S. have used multilevel analysis to examine variation in
obstetric care across hospitals and the extent to which it is attributable to hospital-level factors.
While it is difficult to compare results across these studies because of heterogeneity in study
design, the choice of covariates, and the reporting of results, some research suggests that patientlevel factors, or case-mix, explain little of the variation in Cesarean rates across hospitals,
particularly for low-risk pregnancies.12,86
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In summary, while numerous studies have documented disparities in Cesarean delivery, the
study populations, designs, outcomes and confounders have been heterogenous. Moreover, there
is no standard, internationally-accepted system for classifying indications for Cesarean
delivery,87 and a variety of approaches for classifying Cesarean indications have been used in
prior research.38,40,41,88-94 Accordingly, while the direction of Cesarean disparities has been
consistent in past research, the magnitude has not, and underlying causes of these disparities are
not well understood. To address these gaps and to move the field forward, careful attention to
study population, outcome definition and the application of rigorous epidemiologic methods
appropriate for exploring causal questions are needed.

DISSERTATION AIMS
This dissertation was undertaken to examine trends and racial/ethnic disparities in primary
Cesareans across New York City (NYC) hospitals, focusing on women with low-risk
pregnancies—i.e., nulliparous women with singleton, term pregnancies in vertex presentation
(NTSV) with no contraindications to vaginal delivery. In NYC, disparities in Cesarean delivery
mirror those observed nationally, 16,89,95 and obstetric care quality and outcomes differ markedly
between hospitals that serve a predominantly White patient population and those serving
minority women.96
This dissertation aims to address several gaps in the literature on racial and ethnic disparities
in Cesarean delivery. First, there has been little research to date on the impact of ACOGSMFM’s 2014 consensus statement on the prevention of primary Cesarean delivery, and to our
knowledge, no multi-hospital studies have examined the effect of the 2014 recommendations on
Cesarean delivery among women with low-risk pregnancies, on the performance of Cesareans
8

for non-absolute indications, or on racial/ethnic disparities in primary Cesareans. Secondly, the
extent to which Cesarean disparities are mediated by differences in labor management practices
is unknown, and causal mediation analysis has not been used to examine potential mechanisms
contributing to racial/ethnic disparities in Cesarean delivery. Thirdly, past research on hospitallevel variation in Cesarean delivery has been inconsistent in reporting the variation associated
with hospitals (i.e., general contextual effects) and the association of specific hospital
characteristics with Cesarean delivery (i.e., specific contextual effects),97 and the extent to which
general and specific contextual effects differ by maternal race/ethnicity has not been examined.
To address these gaps, specific aims of the dissertation were as follows:
•

Aim 1: Describe trends in low-risk Cesarean delivery in NYC (2012-2017) among
NTSV births. This aim will be examined in the total study population and by maternal
race/ethnicity.
o Sub-Aim 1a: Assess whether NTSV Cesarean rates decreased following the
2014 ACOG-SMFM recommendation.
o Sub-Aim 1b: Assess whether NTSV Cesarean rates for non-absolute
indications decreased following the 2014 ACOG-SMFM recommendation.

•

Aim 2: Examine the extent to which racial/ethnic disparities in NTSV Cesareans (20122017) were mediated through differences in labor management.
o Sub-Aim 2a: Estimate the difference in NTSV Cesarean risk mediated through
non-absolute Cesarean indications, by maternal race/ethnicity.
o Sub-Aim 2b: Estimate the difference in NTSV Cesarean risk mediated through
non-medically indicated IOL, by maternal race/ethnicity.
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•

Aim 3: Examine the extent to which differences in hospital-level NTSV Cesarean rates
in 2015-2017 were attributable to hospital-level characteristics (e.g., public vs. private
ownership, delivery caseload, interventionist approach to delivery care, and staffing by
licensed midwives).
o Sub-aim 3a: Estimate the proportion of hospital-level variation in NTSV
Cesareans explained by hospital of delivery and identify hospital
characteristics associated with Cesarean delivery.
o Sub-aim 3b: Examine how hospital-level variation and hospital characteristics
associated with NTSV Cesareans differ by maternal race/ethnicity.

OVERVIEW OF METHODOLOGICAL APPROACHES
This dissertation comprised three studies that drew on a population-based, cross-sectional
birth cohort, using birth certificate records for NYC, for the period 2012-2017. The study period
includes births occurring during 27 months prior to ACOG-SMFM’s 2014 recommendations on
the prevention of primary Cesarean delivery (i.e., January 2012-March 2014), as well as births
after this recommendation (April 2014-December 2017).
The analyses were restricted to women with low-risk pregnancies, according to definitions
published by The Joint Commission on Accreditation of Healthcare Organizations98,99 and
endorsed by the National Quality Forum100—namely nulliparous women with singleton, vertexpresentation pregnancies with no contraindications to vaginal delivery at term (≥ 37-41 weeks’
gestation) giving birth in NYC hospitals. Deliveries to women with prior births were excluded,
along with non-singleton pregnancies, stillbirths, and births occurring before 37 weeks’ gestation
or after 41 weeks.
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As noted above, there is no standard, internationally-accepted system for classifying
indications for Cesarean delivery, and analyses of trends and disparities in Cesarean delivery
have used different methods of classifying Cesarean indications.87 Torloni et al. identifies four
main typologies of Cesarean classification systems, including “indication-based” systems (based
on clinical indications), as well as systems that are “women-based” (i.e., focused on the woman’s
reproductive history and pregnancy characteristics, such as gestation, lie, and singleton/multiple
gestation); “urgency-based” (i.e., reflecting the urgency of intervention); and “other”, reflecting a
combination of indication-based, woman-based and urgency-based criteria. A classification
system proposed by Anderson and Lomas92 is one of the most commonly-cited indication-based
classification approach. Developed in consultation with clinicians and validated by Henry et
al.,93 this approach is the only indication-based classification system reviewed by Torloni et al
that is totally inclusive and has clear hierarchical rules for classifying Cesarean indication into
mutually exclusive categories (i.e., every possible indication can be placed in a category), and
hierarchical rules guide decisions about the categorization of births with more than one
indication.87 None of the other indication-based systems identified by Torloni et al., were totally
inclusive and had hierarchical rules to create mutually-exclusive categories.
The Anderson and Lomas classification approach delineates five mutually exclusive
categories of Cesarean indications: previous Cesarean delivery, breech, dystocia, fetal distress, or
other. All deliveries with more than one Cesarean indication and an indication of previous
Cesearean delivery are assigned to the category of previous Cesarean delivery. Similarly, births
with diagnoses of breech presentation with dystocia and/or fetal distress are categorized as
breech presentation, in view of the fact that breech presentation may cause both dystocia and
fetal distress. Births with diagnoses of dystocia and fetal distress are classified as dystocia in
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recognitiion of dystocia as a cause of fetal distress, and births are categorized as fetal distress
only in the absence of any of the above indications. As births with all other pregnancy risks and
conditions are categorized as “other”, an important limitation of the Anderson and Lomas
classification is that it categorizes various absolute indications for Cesarean delivery and
contraindications for vaginal delivery in the “other” category, including placenta previa and
active herpes infection.38
Building on Anderson and Lomas’ hierarchical approach92 and work by Getahun et al.90 and
Barber et al.,47 for this dissertation research, Cesarean indications were coded hierarchically into
five mutually-exclusive categories based on information recorded on the NYC birth certificate.
Indication categories included: (1) Absolute (breech, previous Cesarean delivery, placenta
previa, excessive bleeding or herpes simplex infection); (2) Dystocia (failure to progress, long
labor, failed induction of labor, failed vacuum or forceps delivery with indication of failure to
progress); (3) Non-reassuring fetal status (fetus at risk, fetal intolerance of labor, meconimum
staining, or failed vacuum or forceps delivery with indication of fetus at risk); (4) Other
pregnancy risks (e.g., diabetes, gestational diabetes, hypertension, gestational hypertension,
eclampsia, cardiac disease, anemia, asthma or acute/chronic lung disease, abruptio placenta,
oligohydramnios, polyhydramnios, other vaginal bleeding, or other presentation); and (5) No
indication.
For Aim 1, controlled interrupted time series (CITS) analysis was used to examine the effect
of the ACOG-SMFM recommendations on overall Cesarean rates and Cesareans for nonabsolute indications (i.e., dystocia and non-reassuring fetal status), as well as on racial/ethnic
disparities in Cesarean delivery at NYC hospitals. We also sought to examine whether the effect
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of the ACOG-SMFM recommendations on Cesarean rates differed between minority-serving and
non-minority serving hospitals, and by maternal race/ethnicity within these hospitals.
For Aim 2, we used causal mediation analysis to explore whether differences in labor
management practices constitute mechanisms contributing to racial/ethnic disparities in Cesarean
delivery. We examined the diagnosis of non-absolute Cesarean indications and non-medically
indicated IOL at 39 weeks and assessed whether differences in these practices contribute to
excess Cesarean risks among racial and ethnic minorities. We used multiple approaches to causal
mediation analysis, including doubly-robust g-estimation of a structural nested mean model, to
account for potential bias caused by mediator-outcome confounders that are associated with
maternal race/ethnicity.
For Aim 3, multilevel logistic regression models with random hospital-specific intercepts
were used to examine the association between maternal race/ethnicity and Cesarean delivery,
controlling for clustering within hospitals, along with selected maternal and hospital
characteristics. We estimated hospital-level variance in Cesarean delivery and general contextual
effects (GCEs) to quantify the extent to which clustering within hospitals explains variation in
Cesarean delivery, overall and by maternal race/ethnicity. In addition, we estimated the specific
contextual effects (SCEs) of hospital characteristics to examine the association between hospitallevel attributes and Cesarean delivery, overall and by maternal race/ethnicity.

PUBLIC HEALTH IMPLICATIONS
Cesarean sections are one of the most common surgeries performed in the U.S., however,
Cesarean delivery rates in NYC and across the U.S. exceed the levels associated with maternal
and neonatal benefits.1,101 Although patient risks and clinical indications are expected to be the
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primary determinant of obstetric care and procedures undertaken during labor and delivery,
available data suggest that variation and racial/ethnic disparities in Cesarean rates may reflect
poor quality obstetric care and overuse of the procedure, particularly among disadvantaged
groups.5,16,19,102 Accordingly, disproportionately high rates of Cesarean delivery among
racial/ethnic minorities may be driven, in part, by unnecessary Cesareans that could be avoided
through improved clinical practice and standardized care during labor and delivery.
Examining the underlying causes of Cesarean disparities and identifying potentially
modifiable factors related to obstetric care and labor management practices is critical for
addressing these disparities, both in NYC and nationally. Identifying practices that contribute to
avoidable Cesareans among racial/ethnic minorities may have important implications for efforts
to address large and stark disparities in maternal morbidity and mortality—gaps that persist
despite evidence showing that preventable causes of maternal death do not differ by maternal
race/ethnicity.103 There is a strong public health imperative to understand and address these
disparities, as data from NYC show that Asian, Hispanic and non-Hispanic Black women are two
to eight times more likely to die during pregnancy and childbirth, compared with non-Hispanic
White women, with even larger disparities observed in rates of life threatening complications
during and after pregnancy.104-106 Given the risks associated with Cesarean delivery for both
women and their infants, as well as the fact that primary Cesareans are an important driver of
overall Cesarean rates,1,3,9 identifying modifiable factors contributing to avoidable Cesareans is
critical for redressing inequities in birth outcomes.

CONCLUSIONS
Past research has mainly focused on quantifying the magnitude of these disparities and has
provided few insights into the mechanisms that contribute to excess Cesarean risks among non14

White women. This dissertation provides new insights into racial and ethnic disparities in
obstetric care, including the extent to which labor management practices contribute to
racial/ethnic disparities in primary Cesareans. Such practices may be amenable to change
through hospital-level training and quality improvement initiatives, thereby potentially leading to
reductions in unwarranted Cesarean deliveries, as well as attendant risks for women and their
newborns.
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CHAPTER 2: IMPACT OF NEW LABOR MANAGEMENT GUIDELINES
ON CESAREAN RATES AMONG LOW-RISK BIRTHS IN NEW YORK
CITY (AIM 1)
ABSTRACT
Objective: To examine the effect of the American College of Obstetricians and Gynecologists
and Society for Maternal-Fetal Medicine’s (ACOG-SMFM) 2014 labor management
recommendations on overall Cesarean rates, Cesareans for non-absolute indications, and
racial/ethnic disparities in Cesarean delivery across hospitals in New York City.
Methods: We used controlled interrupted time series analyses to estimate the effect of ACOGSMFM’s recommendations on Cesarean rates among 259,801 women with nulliparous, term,
singleton vertex (NTSV) deliveries at 40 New York City hospitals between 2012 and 2017, with
pre-term, non-singleton and non-vertex nulliparous deliveries used as a control series. We also
examined whether effects of ACOG-SMFM’s recommendations differed by maternal
race/ethnicity, Cesarean indication type, and within minority-serving and non-minority-serving
hospitals, and we estimated averted Cesareans in the post-recommendation period, as well as
avertable in the absence of racial/ethnic disparities in mode of delivery.
Results: Overall, 27.4% of NTSV births were by Cesarean section. There was a significant
decrease in Cesarean rates after the ACOG-SMFM recommendations (Risk ratio: 0.94; 95% CI:
0.92-0.97), with no change in the control series. Effects differed by race/ethnicity, with decreases
observed among White (RR: 0.93; 95% CI: 0.88-0.98) and Hispanic women (RR: 0.92; 95% CI:
0.87-0.97), and no change among Black or Asian women. More than 2,300 Cesareans were
averted in the post-recommendation period, with an estimated 10,540 additional Cesareans
avertable in the absence of racial/ethnic disparities in delivery mode.
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Conclusion: Primary Cesarean rates may be modifiable through changes in labor management, as
recommended by ACOG-SMFM, however, racial/ethnic disparities in Cesarean delivery persist.
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INTRODUCTION
Although Cesarean section (CS) can be a life-saving procedure when certain maternal or fetal
complications arise, compared with vaginal delivery, Cesarean delivery is associated with
increased risks of maternal morbidity and mortality, as well as increased risks of neonatal
morbidity.1,2 In the United States (U.S.), Cesarean delivery has increased by more than 50% in the
past two decades, and almost one-third of all births were Cesarean deliveries in 2018.3 Cesarean
rates vary widely across hospitals and providers, with studies showing ten-fold variation in
hospital Cesarean rates and three-fold variation in provider Cesarean rates.4-6

There are large and persistent racial/ethnic disparities in Cesarean delivery in the U.S., with
Cesarean rates ranging from 1.2 to 1.5 times higher among non-Hispanic Black women and from
1.1 to 1.2 times higher among Hispanic women compared with non-Hispanic White women, after
adjustment for clinical risk factors.7,8 Similar disparities have been observed among women with
low-risk pregnancies, with Cesarean rates 1.4 to 1.5 times higher among non-Hispanic Black
women compared with non-Hispanic White women.9-12 Maternal clinical factors do not explain
these disparities, and research suggests that Cesarean disparities may be markers of poor-quality
obstetric care, particularly as non-White women with low-risk pregnancies are at greater risk of
Cesarean delivery, whereas those with higher risks have lower rates of Cesarean delivery.5,16,17

As Cesarean rates above 20% are not associated with maternal, neonatal or perinatal benefits,13
the U.S. Cesarean rate has raised concerns that a substantial portion of Cesareans are unnecessary
or potentially avoidable. In March 2014, the American College of Obstetricians and
Gynecologists (ACOG) and the Society for Maternal-Fetal Medicine (SMFM) issued a consensus
statement1 on unnecessary primary Cesareans, which are a major driver of overall Cesarean
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rates.13 The ACOG-SMFM recommendations focused on labor management strategies for the safe
reduction of primary Cesareans, with particular attention to the most commonly recorded
indications for intrapartum Cesareans—namely labor dystocia and indeterminate fetal heart
tracing. These indications are considered non-absolute indications that are potentially modifiable
causes of Cesarean delivery because they lack clearly defined criteria or thresholds and are
dependent on the interpretation of the medical provider.1,14-16

Non-absolute indications are the most common reasons for performing primary Cesareans in the
U.S.17 In addition, studies have shown that women of color are more likely to have Cesareans
performed for these indications,11,18,19 suggesting that the avoidance of unnecessary Cesareans for
non-absolute indications could help reduce racial/ethnic disparities in Cesarean delivery. While
single-hospital studies20-22 have reported substantial decreases in primary Cesareans following the
implementation of ACOG-SMFM recommendations, it is not known whether and to what extent
these recommendations have led to decreases in primary Cesareans, across hospitals, or to
reductions in racial/ethnic disparities in Cesarean rates.

In New York City, disparities in Cesarean delivery mirror those observed nationally,23 and
obstetric care quality and outcomes differ markedly between hospitals that serve a predominantly
White patient population and those serving minority women.4 Using controlled interrupted time
series analysis, we sought to examine the effect of the ACOG-SMFM recommendations on
overall Cesarean rates and Cesareans for non-absolute indications, as well as on racial/ethnic
disparities in Cesarean delivery at New York City hospitals. We also sought to examine whether
the effect of the ACOG-SMFM recommendations on Cesarean rates differed between minorityserving and non-minority serving hospitals, and by maternal race/ethnicity within these hospitals.
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Finally, we aimed to estimate the number of Cesareans averted due to the ACOG-SMFM
recommendations and the number of potentially avertable Cesareans in the absence of
racial/ethnic disparities in Cesarean delivery.

METHODS
Data sources and management
We used birth certificate data for the years 2012 to 2017, available from the New York City
Department of Health and Mental Hygiene’s Bureau of Vital Statistics. Data were de-identified
prior to use, and the study was approved as non-human subjects research by the City University of
New York (CUNY) School of Public Health Human Research Protection Program (HRPP).

Low-risk pregnancies were defined as nulliparous, term (37-41 weeks gestation) singleton
pregnancies in vertex presentation (NTSV), following algorithms in the Joint Commission’s
manual on quality measures.24 A clinical estimate of gestational age, as recorded on the NYC
birth certificate, was used to identify term pregnancies, and for births missing a clinical estimate,
we relied on gestational age based on last menstrual period (LMP). Cephalic, singleton births to
women with no previous live births and no record of prior Cesarean delivery were considered
NTSV births.

Births to multiparous women, births outside NYC hospitals, and post-date (gestational age ≥42
weeks) pregnancies (N=414,687, 57.2%) were considered ineligible for inclusion (Figure 1). In
addition, 10,971 births (1.5%) with missing data related to maternal age, parity, gestational age,
or presentation and births with unknown or “other” maternal race/ethnicity were excluded.
Among births to nulliparous women, 39,366 pre-term births (<37 weeks), non-singleton or non-
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vertex presentation births were used as a control group, as the ACOG-SMFM recommendations
are not expected to influence the management of these deliveries. These exclusions yielded an
analytical sample of 259,801 NTSV births, distributed across 40 hospitals in New York City.

Definition of variables
The exposure of interest was the ACOG-SMFM recommendations on the prevention of primary
Cesareans. Births occuring before and during March 2014 were categorized as occuring before the
adoption of the ACOG-SMFM recommendations, and those occuring after March 2014 were
categorized as occuring during the post-recommendation period.

The primary outcome was Cesarean delivery, as recorded on the birth certificate. Building on
Anderson and Lomas’25 hierarchical approach for classifying Cesareans by indication type and
work by Getahun et al.26 and Barber et al.,17 indications for Cesarean delivery were coded into
five mutually-exclusive categories based on information recorded on the birth certificate under
pregnancy risk factors, labor characteristics, or reasons for Cesarean section. Indication categories
included: (1) Absolute indications (placenta previa, excessive bleeding or herpes simplex
infection); (2) Dystocia indications (failure to progress, prolonged labor); (3) Non-reassuring fetal
status indications (fetus at risk, fetal intolerance of labor, meconimum staining); (4) Other
pregnancy risks (pre-pregnancy or gestational diabetes, pre-pregnancy or pregnancy-induced
hypertension, eclampsia, cardiac disease, anemia, asthma or acute/chronic lung disease, abruptio
placenta, oligohydramnios, polyhydramnios, rh sensitization, other vaginal bleeding, pregnancyrelated maternal condition, or non-pregnancy-related maternal condition); and (5) No indication
or elective. For a sensitivity analysis that relied only on recorded reasons for Cesarean delivery
(i.e., omitting variables related to labor characteristics), we used a similar hierarchical approach to
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categorize Cesarean births for dystocia, non-ressuring fetal status, other pregnancy and nonpregnancy-related conditions and no indications; Cesareans for absolute indications were omitted
from this sensitivity analysis because all information related to absolute indications is derived
from data recorded under pregnancy risk factors and labor characteristics in the New York birth
certificate and is not captured in recorded reasons for Ceasarean delivery.

Maternal race/ethnicity is self-reported in NYC birth certificate data and was categorized for the
four predominant race/ethnicity groups as non-Hispanic White, non-Hispanic Black, Hispanic,
and Asian/Pacific Islander (hereafter referred to as White, Black, Hispanic or Asian). Other sociodemographic covariates included maternal age; gestational age; body mass index (BMI),
calculated from pre-pregnancy height and weight; and insurance coverage (e.g., Medicaid or other
government insurance, private, self-pay or other/unknown).

Hospitals were categorized as minority-serving or non-minority-serving. Similar to Creanga et
al.27 we categorized hospitals based on the proportion of deliveries to non-White women, using
80% as a cut-off or threshold; hospitals where more than 80% of births were to non-White women
were considered minority-serving hospitals.

Statistical analysis
Descriptive statistics were used to calculate the absolute numbers and percentages of NTSV births
by maternal and pregnancy characteristics, and for the control series of pre-term, non-singleton, or
non-vertex presentation births among nulliparous women. Means and 95% confidence intervals
(CIs) were calculated for continuous variables (e.g. maternal age and gestational age at birth), and
differences in characteristics among births occuring before and after the ACOG-SMFM
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recommendations of 2014 were explored using t-tests (continuous variables) and Chi-squared
tests (categorical variables).

Controlled interrupted time series analysis using segmented Poisson regression models were used
to estimate the effect of the ACOG-SMFM recommendations on age-standardized NTSV
Cesarean rates (see Appendix 1 for methodological details). Cesarean rates among nulliparous
women with pre-term, non-singleton or non-vertex pregnancies and Cesarean rates for absolute
indications among NTSV births were used as control series because the ACOG-SMFM
recommendations are not expected to affect the management of these deliveries. We tested
whether the effects of the ACOG-SMFM recommendations differed by maternal race/ethnicity
and by hospital type, and stratified our analyses by maternal race/ethnicity and hospital type
where there was evidence that the effect of the recommendations varied by race/ethnicity or
hospital type. In sensitivity analyses, we incorporated a 3-month (1 quarter) lag to allow
additional time for the adoption of ACOG-SMFM recommendations, and we adjusted for
potential seasonality differences. We also examined the effect of the ACOG-SMFM
recommendations on Cesareans for dystocia, non-reassuring fetal status, other obstetric risks, and
no indication using only the recorded reasons for Cesarean delivery, ignoring other data on the
birth certificate related to labor characteristics.

For births occuring in the post-ACOG recommendation period, modified Poisson regression
models with robust error variances were used to estimate risk-adjusted Cesarean rate ratios among
NTSV births in order to calculate the attributable risk of Cesarean delivery for each population
group, the total population attributable risk of Cesarean delivery due to differences in care by
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maternal race/ethnicity, and the number of avertable Cesareans in the absence of disparities in
mode of delivery.

All data management and descriptive statistics were performed using SAS 9.4 (SAS Institute Inc.,
Cary, NC). STATA 15.1 (StataCorp, College Station, TX, USA) was used for interrupted time
series analyses and multivariable regression models.

RESULTS

There were 259,801 NTSV births between 2012 and 2017, with 98,787 births (38.0%) in the prerecommendation period and 161,014 (62.0%) after ACOG-SMFM’s 2014 recommendations
(Table 1). More than one-third of NTSV births were to White women (35.1%), with 27.0% to
Hispanic women, 19.7% to Asian women, and 18.2% to Black women. The distribution of births
by maternal race/ethnicity changed over time, with an increasing proportion of births occuring
among White women in the post-recommendation period and a decreasing proportion among
Black and Hispanic women.

The mean age of women with NTSV births was 28.2 years, and those giving birth in the postrecommendation period were slightly older than those giving birth in the pre-recommendation
period (28.5 years vs. 27.9 years). The mean gestational age at delivery was 39.3 weeks. Just over
half of births (51.6%) were covered by government insurance plans (Medicaid, Family Plus,
Child Health Plus, or other), with 46.9% covered by private insurance, and just under 2.0% with
self-pay or other insurance. One-third (32.6%) of births were delivered at minority-serving
hospitals.
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One-third of births were to women who were overweight (20.7%) or obese (12.6%), with a small
increase in the proportion of births born to overweight and obese women over time (33.1% in the
pre-recommendation period vs. 33.9% in the post-recommendation period). Overall, almost onethird of births had at least one maternal, obstetric or fetal risk other than obesity, and the presence
of any maternal, obstetric or fetal risk was more prevalent in the post-recommendation period
than the pre-recommendation period (31.4% vs. 21.9%), with small but statistically significant
increases observed in the proportion of births with each of the pregnancy-related risks examined
(e.g., placental disorders, amniotic fluid disorders, hypertension, diabetes; asthma or other acute
or chronic lung disease, cardiac disease, other chronic conditions, and herpes simplex virus).

Based on recorded labor characteristics and reasons for Cesarean delivery, absolute indications
for Cesarean delivery were recorded in 2.6% of all births, with 18.1% of births having dystocia
indications, 14.3% having non-reassuring fetal status indications, and 17.5% having other
pregnancy-related indications. Almost half of all births (47.6%) had no indication for Cesarean
delivery. The proportion of births with dystocia indications decreased in the post-recommendation
period (19.0% to 17.5%), as did the proportion of births with no Cesarean indication (51.8% to
45.0%), whereas the proportion of births with absolute indications, non-reassuring fetal status
indications or other obstetric risk indications increased in the post-recommendation period.

Overall, 27.4% of NTSV births were delivered by Cesarean section, with 72.6% delivered
vaginally. Among births delivered by Cesarean section, 3.7% were for absolute Cesarean
indications, 51.2% for dystocia, 26.6% for non-reassuring fetal status, 13.6% for other pregnancy-
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or non-pregnancy-related related reason, and 5.0% had no recorded indication for Cesarean
delivery.

There were 39,366 births in the control series (i.e., nulliparous women with pre-term, nonsingleton, or non-vertex presentation deliveries). The distribution of births in the control series by
maternal race/ethnicity was similar to that of NTSV births, however, the mean age of women was
slightly older, compared with women with NTSV births (29.8 years vs. 28.2 years), and the mean
gestational age at delivery was 35.3 weeks. The prevalence of overweight and obesity was higher
among women in the control series, as was the prevalence of hypertensive disorders, diabetes and
placental disorders. Absolute Cesarean indications were recorded in 43.1% of births in the control
series, with dystocia and non-reassuring fetal status indications recorded in 8.1% and 9.1% of
births, respectively. The majority of births in the control series (64.0%) were delivered by
Cesarean, primarily for absolute indications (63.8%), with only 9.0% and 13.2%, respectively for
dystocia and non-reassuring status indications, and 12.1% for other pregnancy or non-pregnancyrelated reasons.

Results of the interrupted time series analysis are shown in Table 2. Overall, there was a 6.0%
decrease in the age-standardized NTSV Cesarean rate after the 2014 ACOG-SMFM
recommendations (Rate ratio [RR]: 0.94; 95% CI: 0.92-0.97; Figure 2). In the control series, there
was no change in the proportion of deliveries by Cesarean section (RR: 1.02; 95% CI: 0.98-1.07).

The effect of ACOG-SMFM recommendations on NTSV Cesarean rates varied by maternal
race/ethnicity (p-value for the interaction term <0.0001). Significant decreases in NTSV Cesarean
rates were observed among White (RR: 0.93; 95% CI: 0.88-0.98) and Hispanic women (RR: 0.92;
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95% CI: 0.87-0.97). However, no changes were observed among Black (RR: 0.98; 95% CI: 0.921.04) and Asian women (RR: 1.03; 95% CI: 0.97-1.10; Table 2 and Figure 3).

Analyses by Cesarean indication showed that the ACOG-SMFM recommendations led to a 14%
decrease in Cesareans for dystocia indications (RR: 0.86; 95% CI: 0.83-0.89), and a 10% increase
in Cesareans for non-reassuring fetal status indications (RR: 1.10; 95% CI: 1.03-1.17; Table 2 and
Figure 4). A small decrease was also observed in Cesareans for absolute indications (RR: 0.85;
95% CI: 0.73-0.98), which varied by maternal race/ethnicity, but did not reach the level of
statistical significance for any population group. There was an increase in Cesareans for other
pregnancy or non-pregnancy-related risks (RR: 1.16; 95% CI: 1.07-1.26). However, quarterly
trends in Cesareans for other indications began decreasing slightly after the ACOG-SMFM
recommendation, a change from an increasing trend observed in the pre-recommendation period.
Conversely, while there was no change in the overall level of Cesareans with no indication after
the ACOG-SMFM recommendation, the quarterly trend, which was decreasing before the ACOGSMFM recommendation, began increasing in the post-recommendation period.

Changes in Cesarean delivery for non-absolute indications differed by maternal race/ethnicity.
For dystocia indications, largest decreases were observed among births to White (RR: 0.83; 95%
CI: 0.77-0.88) and Hispanic women (RR: 0.85; 95% CI: 0.79-0.91). A smaller decrease in
Cesareans for dystocia indications was observed among Black women (RR: 0.91; 95% CI: 0.840.99), and there was no change in Cesareans for dystocia indications among Asian women.
Cesareans for non-reassuring fetal status indications increased among Asian (RR: 1.23; 95% CI:
1.06-1.43) and Hispanic women (RR 1.24; 95% CI: 1.11-1.40). In contrast, there was no change
in Cesareans for non-reassuring fetal status indications among White or Black women. Changes
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in Cesarean delivery for other pregnancy or non-pregnancy-related indications did not differ
significantly by maternal race/ethnicity (p=0.955).

The effect of the ACOG-SMFM recommendations differed between minority-serving and nonminority-serving hospitals, and by maternal race/ethnicity within each type of hospital; at
minority-serving hospitals, significant decreases in NTSV Cesarean rates were only observed
among Hispanic women (RR: 0.91; 95% CI: 0.85-0.99). In contrast, at non-minority-serving
hospitals, NTSV Cesarean rates decreased among White women (RR: 0.95; 95% CI: 0.90-1.00),
with no significant changes among Black, Asian or Hispanic women.

Sensitivity analyses that allowed for a 3-month lag in the adoption of ACOG-SMFM’s
recommendations (Appendix Table S1) and adjusted for seasonality (Table S2) were generally
consistent with our main analyses. However, the decrease in Cesareans for absolute indications
became non-significant in our analysis allowing for a 3-month lag in adoption of the
recommendations. Sensitivity analyses that relied only on recorded reasons for Cesarean delivery,
irrespective of recorded labor characteristics, were also consistent with our main analyses (Table
S3), but observed increases in Cesarean delivery for non-reassuring fetal status indications were
attenuated and were not statistically significant.

In the post-recommendation period, the risk-adjusted rate of Cesarean delivery among Black
women was 1.40 times that of White women (95% CI: 1.36-1.43), and it was 1.23 times higher
among Hispanic women (95% CI: 1.20-1.26) and 1.18 times higher among among Asian women
(95% CI: 1.15-1.21) compared with White women. An estimated 13.0% of Cesareans in the postrecommendation period can be attributed to differences by maternal race/ethnicity (Table 4).
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Observed decreases in NTSV Cesarean rates among White, Black and Hispanic women after the
ACOG-SMFM recommendations represent an estimated 2,362 averted Cesarean deliveries, with
1,096 (46.4%) among White women, 1,052 (44.6%) among Hispanic women, and only 214
(9.1%) among Black women. In the absence of disparities by maternal race/ethnicity (i.e., a
relative risk of Cesarean delivery equal to 1 for all women of color), an additional 10,540
Cesareans could have been averted in the post-recommendation period, including 4,270 (40.5%)
among Black women, 4,176 (39.6%) among Hispanic women, and 2,094 (19.9%) among Asian
women.

DISCUSSION

Findings from this controlled interrupted time series analysis indicates that the 2014 ACOGSMFM recommendations on reducing unnecessary primary Cesareans led to a small but
significant decrease in Cesarean delivery among women with low-risk pregnancies in New York
City, while there was no change in the control series of nulliparous women with pre-term, nonsingleton pregnancies or non-vertex presentation births. The effect of the ACOG-SMFM
recommendations differed by maternal race/ethnicity, with decreases in age-standardized NTSV
Cesarean rates observed among White and Hispanic women, and no change among Black or
Asian women. In analyses of Cesarean delivery by indication type, significant decreases were
observed in Cesareans for dystocia indications, a key focus of the ACOG-SMFM
recommendations. However, there was a small increase in Cesareans for non-reassuring fetal
status, another focus of the ACOG-SMFM recommendations.
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Observed decreases in age-standardized NTSV Cesarean rates, overall, and in Cesareans for
dystocia indications provide encouraging evidence that primary Cesarean rates may be modifiable
through changes in labor management strategies, such as those recommended by ACOG and
SMFM. The decreases in NTSV Cesarean rates occurred in the context of significant increases in
the proportion of births with various maternal, fetal or obstretric risks in the post-recommendation
period—increases that may reflect changes in record-keeping practices rather than true increases
in the prevalence of these conditions. However, our findings also raise concerns about differential
care by maternal race/ethnicity, given that there was no change in the NTSV Cesarean rate among
Black women whose rates of Cesarean delivery, overall, and Cesarean delivery for dystocia
indications were markedly higher than those observed among White women. Also concerning was
the fact that at non-minority-serving hospitals, decreases in NTSV Cesareans were observed only
among White women, and not among any other population group.

The racial/ethnic disparities in Cesarean delivery for labor dystocia and non-reassuring fetal status
indications found in this analysis are consistent with other research showing that Cesareans are
more likely to be performed for non-absolute indications (i.e., labor dystocia and indeterminate
fetal heart tracings) among Black and Hispanic women, compared with White women.11,18,19
These findings also align with research in other areas of health care (e.g., cancer care, chronic
disease, mental health, and emergency care) showing that non-White patients are less likely to
receive medical care and treatment that accords with current clinical guidelines.4,28 The lack of
change in overall NTSV Cesarean rates among Black women is cause for concern, particularly
given the risks associated with Cesarean delivery and stark and persistent disparities in maternal
morbidity and mortality; recent data for New York City indicates that maternal mortality among
Black women as much as eight times higher than that of White women.29

36

Several limitations should be acknowledged. There is no standard, internationally-accepted
system for classifying Cesarean indications, and analyses of trends and disparities in Cesarean
delivery have used different methods of classifying Cesarean indications. While the Anderson and
Lomas classification system25 is the most common approach for classifying Cesarean indications,
it is not specific to NTSV births, and it categorizes some absolute Cesarean indications and
contraindications for vaginal delivery (e.g., placenta previa and active herpes infection) as “other
indications” rather than as absolute indications.19 In adapting the Anderson and Lomas
classification approach for NTSV deliveries, we sought to address these limitations to the extent
possible with available data. However, certain Cesarean indications are not documented on the
New York City birth certificate, including failed induction of labor, suspected macrosomia, and
prior cavity-entering myomectomy. It is possible that some Cesareans were misclassified as
having no indication for Cesarean in our analysis because the birth certificate does not capture all
characteristics of labor and delivery.

In addition to incomplete information on obstetric history and procedures during labor and
delivery, birth certificate data have other known limitations, including inconsistent
documentation. The completeness of birth-related records may reflect the disparities in the
provision of obstetric care that our analysis aimed to examine. Specifically, maternal information
and delivery characteristics may be better recorded for some women than others, and these
differences may be associated with socio-demographic characteristics, such as race, ethnicity, and
socio-economic status. A multi-hospital study of induced labors, for example, found that nonWhite patients were 1.4 to 2.4 times more likely to have no indication for induction recorded in
their birth records.30 Birth records may also reflect providers’ post-hoc justifications of medical
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procedures undertaken for non-clinical reasons—e.g. provider convenience, reimbursement
considerations, or the phenomenon of statistical discrimination (i.e., the tendency of health care
providers to make diagnosis and treatment decisions based on probabilistic assumptions related to
patient race/ethnicity, rather than actual clinical indications or patient preferences).31 If recording
of birth certificate data differs by patient race/ethnicity in New York City, our estimates may be
biased; for example, if the recording of maternal risks and Cesarean indications is more
consistently and accurately recorded for White women than for women of color, it may appear
that non-medically-indicated procedures, such as Cesareans without indications, are performed
more frequently in deliveries to women of color. While our finding suggests that recording of
maternal, fetal and obstetric conditions may have improved over time, we found no evidence that
record-keeping practices differed by maternal race/ethnicity in ways that would affect our results;
Cesarean delivery without indication was rare among all population groups and was higher among
White women than women of color.

The extent to which quality improvement initiatives related to the 2014 ACOG-SMFM
recommendations were undertaken at New York City hospitals is unknown, and it is likely that
the attention to ACOG-SMFM’s guidance varied across hospitals. However, sensitivity analyses
allowing for a three-month lag in the adoption of ACOG-SMFM’s recommendations were
consistent with our main findings, confirming an overall decrease in age-standardized NTSV
Cesarean rates across New York City hospitals.

An important strength of this analysis is the use of controlled interrupted time series analysis, a
robust, quasi-experimental method that provides support for examining causal effects of quality
improvement interventions and policy changes. To our knowledge, no multi-hospital studies have
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examined the effects of the 2014 ACOG-SMFM recommendations on primary Cesareans among
women with low-risk pregnancies. With a large population-based dataset of almost 260,000 births
across 40 public and private hospitals over a six-year period, our findings provide robust evidence
that the ACOG-SMFM recommendations on the safe prevention of primary Cesareans have led to
a decrease in NTSV Cesarean rates in New York City.

Our findings suggest that the management of deliveries with non-absolute Cesarean indications,
such as labor dystocia are an important focus for efforts to reduce unnecessary Cesareans.
However, our findings also highlight the fact that decreases in the overall NTSV Cesarean rate
may be achieved without achieving significant decreases among groups with disproportionately
high rates of Cesarean delivery. As other research has shown that Black and Hispanic women are
more likely to deliver at hospitals that have worse maternal and infant health outcomes,4,32 efforts
to identify provider and hospital-level factors that contribute to precipitous Cesarean delivery and
persistent disparities in pregnancy outcomes remain critical for improving racial/ethnic birth
equity.

39

REFERENCES
1.
2.
3.
4.
5.
6.
7.

8.
9.
10.
11.

12.
13.
14.
15.
16.
17.

Caughey AB, Cahill AG, Guise J-M, Rouse DJ. Safe prevention of the primary cesarean
delivery. American Journal of Obstetrics and Gynecology. 2014;210(3):179-193.
Sandall J, Tribe RM, Avery L, et al. Short-term and long-term effects of caesarean section
on the health of women and children. The Lancet. 2018;392(10155):1349-1357.
Martin JA, Hamilton BE, Osterman MJK, Driscoll AK. Births: Final Data for 2018. Natl
Vital Stat Rep. 2019;68(13):1-47.
Howell EA, Zeitlin J. Improving hospital quality to reduce disparities in severe maternal
morbidity and mortality. Seminars in Perinatology. 2017;41(5):266-272.
Metz TD, Allshouse AA, Gilbert SAB, Doyle R, Tong A, Carey JC. Variation in primary
cesarean delivery rates by individual physician within a single-hospital laborist model.
American Journal of Obstetrics and Gynecology. 2016;214(4):531.e531-531.e536.
Kozhimannil KB, Law MR, Virnig BA. Cesarean Delivery Rates Vary 10-Fold Among
US Hospitals; Reducing Variation May Address Quality, Cost Issues. Health affairs
(Project Hope). 2013;32(3):527-535.
Chung JH, Garite TJ, Kirk AM, Hollard AL, Wing DA, Lagrew DC. Intrinsic racial
differences in the risk of cesarean delivery are not explained by differences in caregivers
or hospital site of delivery. American Journal of Obstetrics & Gynecology.
2006;194(5):1323-1328.
Braveman P, Egerter S, Edmonston F, Verdon M. Racial/ethnic differences in the
likelihood of cesarean delivery, California. American journal of public health.
1995;85(5):625-630.
Coonrod DV, Drachman D, Hobson P, Manriquez M. Nulliparous term singleton vertex
cesarean delivery rates: institutional and individual level predictors. American Journal of
Obstetrics & Gynecology. 2008;198(6):694.e691-694.e611.
Pasko DN, McGee P, Grobman WA, et al. Variation in the Nulliparous, Term, Singleton,
Vertex Cesarean Delivery Rate. Obstet Gynecol. 2018;131(6):1039-1048.
Edmonds JK, Yehezkel R, Liao X, Moore Simas TA. Racial and ethnic differences in
primary, unscheduled cesarean deliveries among low-risk primiparous women at an
academic medical center: a retrospective cohort study. BMC Pregnancy and Childbirth.
2013;13:168-168.
Bryant AS, Washington S, Kuppermann M, Cheng YW, Caughey AB. Quality and
equality in obstetric care: racial and ethnic differences in caesarean section delivery rates.
Paediatric and Perinatal Epidemiology. 2009;23(5):454-462.
Boerma T, Ronsmans C, Melesse DY, et al. Global epidemiology of use of and disparities
in caesarean sections. The Lancet. 2018;392(10155):1341-1348.
Tita ATN. When Is Primary Cesarean Appropriate: Maternal and Obstetrical Indications.
Seminars in Perinatology. 2012;36(5):324-327.
Zhang J, Troendle J, Reddy UM, et al. Contemporary cesarean delivery practice in the
United States. American Journal of Obstetrics & Gynecology. 2010;203(4):326.e321326.e310.
Boyle A, Reddy UM. Epidemiology of Cesarean Delivery: The Scope of the Problem.
Seminars in Perinatology. 2012;36(5):308-314.
Barber EL, Lundsberg L, Belanger K, Pettker CM, Funai EF, Illuzzi JL. Contributing
Indications to the Rising Cesarean Delivery Rate. Obstetrics and gynecology.
2011;118(1):29-38.
40

18.
19.
20.

21.
22.
23.
24.

25.
26.
27.
28.
29.
30.
31.
32.

Washington S, Caughey AB, Cheng YW, Bryant AS. Racial and ethnic differences in
indication for primary cesarean delivery at term: experience at one U.S. Institution. Birth
(Berkeley, Calif). 2012;39(2):128-134.
Yee LM, Costantine MM, Rice MM, et al. Racial and Ethnic Differences in Utilization of
Labor Management Strategies Intended to Reduce Cesarean Delivery Rates. Obstetrics &
Gynecology. 2017;130(6):1285-1294.
Thuillier C, Roy S, Peyronnet V, Quibel T, Nlandu A, Rozenberg P. Impact of
recommended changes in labor management for prevention of the primary cesarean
delivery. American Journal of Obstetrics and Gynecology. 2018;218(3):341.e341341.e349.
Rosenbloom JI, Stout MJ, Tuuli MG, et al. New labor management guidelines and
changes in cesarean delivery patterns. American Journal of Obstetrics and Gynecology.
2017;217(6):689.e681-689.e688.
Wilson-Leedy JG, DiSilvestro AJ, Repke JT, Pauli JM. Reduction in the Cesarean
Delivery Rate After Obstetric Care Consensus Guideline Implementation. Obstetrics &
Gynecology. 2016;128(1):145-152.
Janevic T, Loftfield E, Savitz DA, Bradley E, Illuzzi J, Lipkind H. Disparities in cesarean
delivery by ethnicity and nativity in New York city. Matern Child Health J.
2014;18(1):250-257.
The Joint Commission. Specifications Manual for Joint Commission National Quality
Measures (v2014A1): Measure Information Form PC-02.
https://manual.jointcommission.org/releases/TJC2014A1/MIF0167.html. Published 2014.
Accessed June 3, 2019.
Anderson GM, Lomas J. Determinants of the Increasing Cesarean Birth Rate. New
England Journal of Medicine. 1984;311(14):887-892.
Getahun D, Strickland D, Lawrence JM, Fassett MJ, Koebnick C, Jacobsen SJ. Racial and
ethnic disparities in the trends in primary cesarean delivery based on indications.
American Journal of Obstetrics and Gynecology. 2009;201(4):422.e421-422.e427.
Creanga AA, Bateman BT, Mhyre JM, Kuklina E, Shilkrut A, Callaghan WM.
Performance of racial and ethnic minority-serving hospitals on delivery-related indicators.
American Journal of Obstetrics and Gynecology. 2014;211(6):647.e641-647.e616.
van Ryn M, Burgess DJ, Dovidio JF, et al. The impact of racism on clinical cognition,
behavior and clinical decision making. Du Bois review : social science research on race.
2011;8(1):199-218.
(DOHMH). NYCDoHaMH. Pregnancy-Associated Mortality in New York City, 20112015. https://www1.nyc.gov/assets/doh/downloads/pdf/ms/pregnancy-associatedmortality-report-2011-2015.pdf. Published 2020. Accessed.
Singh J, Reddy UM, Huang C-C, Driggers RW, Landy HJ, Grantz KL. Racial/Ethnic
Differences in Labor Induction in a Contemporary US Cohort: A Retrospective Cohort
Study. American journal of perinatology. 2018;35(4):361-368.
Andrews RM. Statewide Hospital Discharge Data: Collection, Use, Limitations, and
Improvements. Health services research. 2015;50 Suppl 1(Suppl 1):1273-1299.
Howell EA, Janevic T, Blum J, et al. Double Disadvantage in Delivery Hospital for Black
and Hispanic Women and High-Risk Infants. Matern Child Health J. 2020;24(6):687-693.

41

TABLES AND FIGURES
Figure 1. Sample flow chart
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Figure 2. NTSV Cesarean rate with control series
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Figure 3. NTSV Cesarean rates, by maternal race/ethnicity, with control series
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Figure 4. NTSV Cesarean rate, by indication type

45

Figure 5. NTSV Cesarean rate, by indication type and maternal race/ethnicity
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Figure 6. NTSV Cesarean rate, by hospital type and maternal race/ethnicity
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Table 1. Characteristics of nulliparous women with NTSV and non-NTSV deliveries, at NYC hospitals,
2012-2017
Characteristic
Race/Ethnicity, N (%)
White
Black
Asian
Hispanic
Maternal age in years,
Mean (95% CI)
Gestational age in weeks,
Mean (95% CI)
Payer, N (%)
Medicaid/Other govt
Private
Self-pay
Other
Hospital type, N (%)
Non-minority-serving
Minority-serving
Pre-pregnancy BMI
(kg/m2) N (%)
Underweight (<18.5
kg/m2)
Normal weight (18.5–
24.9 kg/m2)
Overweight (25.0–29.9
kg/m2)
Obese/Morbid obesity
(>30.0 kg/m2)
Any maternal, fetal, or
obstetric risk N (%)
Hypertensive disorders
(PIH, eclampsia, prepregnancy
hypertension)
Diabetes (diabetes
mellitus, gestational
diabetes)
Amniotic disorders
(chorioamnionitis,
oligohydramnios, etc.)
Anemia and
hemoglobinopathy
Placental disorders
Asthma/Chronic lung
disease

NTSV births
N= 259,801

Before ACOG
recommendation
N=98,787 (38.0%)

After ACOG
recommendation
N=161,014 (62.0%)

91189 (35.1%)
47251 (18.2%)
51089 (19.7%)
70272 (27.0%)

33554 (34.0%)
18776 (19.0%)
19223 (19.5%)
27234 (27.6%)

57635 (35.8%)
28475 (17.7%)
31866 (19.8%)
43038 (26.7%)

<.0001*

13882 (35.3%)
8170 (20.8%)
7278 (18.5%)
10036 (25.5%)

28.2 (28.2-28.3)

27.9 (27.8-27.9)

28.5 (28.4-28.5)

<.0001**

29.8 (29.7-29.8)

39.3 (39.3-39.3)

39.3 (39.3-39.3)

39.3 (39.3-39.3)

134113 (51.6%)
121863 (46.9%)
2385 (0.9%)
1440 (0.6%)

51927 (52.6%)
45159 (45.7%)
1123 (1.1%)
578 (0.6%)

82186 (51.0%)
76704 (47.6%)
1262 (0.8%)
862 (0.5%)

<.0001

18240 (46.3%)
20410 (51.8%)
484 (1.2%)
232 (0.6%)

175174 (67.4%)
84627 (32.6%)

65520 (66.3%)
33267 (33.7%)

109654 (68.1%)
51360 (31.9%)

<.0001

27297 (69.3%)
12069 (30.7%)

18120 (7.0%)

7056 (7.1%)

11064 (6.9%)

<.0001

2525 (6.4%)

155242 (59.8%)

59951 (60.7%)

95291 (59.2%)

22184 (56.4%)

53747 (20.7%)

19881 (20.1%)

33866 (21.0%)

8470 (21.5%)

32692 (12.6%)

11899 (12.0%)

20793 (12.9%)

6187 (15.7%)

72244 (27.8%)

21660 (21.9%)

50584 (31.4%)

<.0001

13845 (35.2%)

16432 (6.3%)

3801 (3.8%)

12631 (7.8%)

<.0001

5295 (13.5%)

15578 (6.0%)

4529 (4.6%)

11049 (6.9%)

<.0001

3677 (9.3%)

19203 (7.4%)

5795 (5.9%)

13408 (8.3%)

<.0001

2471 (6.3%)

13975 (5.4%)
1142 (0.4%)

3823 (3.9%)
373 (0.4%)

10152 (6.3%)
769 (0.5%)

<.0001
0.0001

2294 (5.8%)
1081 (2.7%)

8304 (3.2%)

2738 (2.8%)

5566 (3.5%)

<.0001

1415 (3.6%)

p-value

Control series¶
N=39,372

35.5 (35.5-35.5)
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Table 1. (continued)
NTSV births
N= 259,801
777 (0.3%)

Before ACOG
recommendation
N=98,787 (38.0%)
255 (0.3%)

After ACOG
recommendation
N=161,014 (62.0%)
522 (0.3%)

Control series¶
N=39,372
189 (0.5%)

Characteristic
p-value
Cardiac disease
0.0028
Other chronic
conditions
5382 (2.1%)
1314 (1.3%)
4068 (2.5%)
<.0001
1288 (3.3%)
Herpes simplex virus
5393 (2.1%)
1590 (1.6%)
3803 (2.4%)
<.0001
783 (2.0%)
Cesarean indication§
among all births, N (%)
Absolute
6829 (2.6%)
2047 (2.1%)
4782 (3.0%)
<.0001
16961 (43.1%)
Dystocia
46951 (18.1%)
18786 (19.0%)
28165 (17.5%)
3191 (8.1%)
Non-reassuring fetal
status
37024 (14.3%)
12470 (12.6%)
24554 (15.2%)
3592 (9.1%)
Other pregnancy- or
non-pregnancy related
risk
45416 (17.5%)
14279 (14.5%)
31137 (19.3%)
6790 (17.2%)
No indication
123581 (47.6%)
51205 (51.8%)
72376 (45.0%)
8832 (22.4%)
Mode of delivery, N (%)
Vaginal
188725 (72.6%)
71974 (72.9%)
116751 (72.5%)
0.054
14149 (35.9%)
Cesarean
71076 (27.4%)
26813 (27.1%)
44263 (27.5%)
25217 (64.1%)
Reasonǂ for Cesarean
delivery, N (%)
Absolute
2640 (3.7%)
806 (3.0%)
1834 (4.1%)
<.0001
16089 (63.8%)
Dystocia
36384 (51.2%)
15088 (56.3%)
21296 (48.1%)
2272 (9.0%)
Non-reassuring fetal
status
18882 (26.6%)
6445 (24.0%)
12437 (28.1%)
3320 (13.2%)
Other pregnancy- or
non-pregnancy related
risk
9634 (13.6%)
3711 (13.8%)
5923 (13.4%)
3063 (12.1%)
No documented risk
3536 (5.0%)
763 (2.8%)
2773 (6.3%)
473 (1.9%)
* Chi squared test
** t-test (Satterthwaite)
§
Indications are based on recorded labor characteristics and recorded reasons for Cesarean delivery
ǂ Reasons for Cesarean are based only on recorded reasons for Cesarean, irrespective of other recorded labor
characteristics
¶
Control series: preterm, non-singleton and non-vertex presentation births among nulliparous women
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Table 2. Level and trend changes in Cesarean rates, by indication type and maternal race/ethnicity, after
ACOG-SMFM's recommendations of 2014, NYC hospitals: 2012-2017
Change in level
RR (95% CI)

p-value
for level
change

p-value for
interactionǂ
term

Prerecommendation
slope (95% CI)

Postrecommendation
slope (95% CI)

p-value
for slope
change

All Cesareans
All women
0.94 (0.92-0.97)
<.0001
<.0001
1.00 (1.00-1.01)
1.01 (1.00-1.01)
0.113
White
0.93 (0.88-0.98)
0.004
Black
0.98 (0.92-1.04)
0.463
Asian
1.03 (0.97-1.10)
0.362
Hispanic
0.92 (0.87-0.97)
0.002
Cesareans among nulliparous women with pre-term, non-singleton or non-cephalic pregnancies (Control series)
All women
1.02 (0.98-1.07)
0.358
<.0001
1.00 (1.00-1.01)
1.00 (1.00-1.00)
0.299
White
1.00 (0.93-1.08)
0.944
Black
1.05 (0.94-1.16)
0.400
Asian
1.00 (0.90-1.11)
0.983
Hispanic
0.99 (0.90-1.09)
0.817
Cesareans for dystocia indications
All women
0.86 (0.83-0.89)
<.0001
<.0001
1.00 (0.99-1.00)
1.00 (1.00-1.01)
0.119
White
0.83 (0.77-0.88)
<.0001
Black
0.91 (0.84-0.99)
0.022
Asian
0.93 (0.86-1.01)
0.099
Hispanic
0.85 (0.79-0.91)
<.0001
Cesareans for non-reassuring status indications
All women
1.10 (1.03-1.17)
0.003
0.001
1.00 (0.99-1.01)
1.01 (1.00-1.01)
0.75
White
1.07 (0.95-1.20)
0.280
Black
1.02 (0.91-1.15)
0.697
Asian
1.23 (1.06-1.43)
0.007
Hispanic
1.24 (1.11-1.40)
<.0001
Cesareans for absolute indications
All women
0.85 (0.73-0.98)
0.027
0.002
1.04 (1.01-1.06)
1.04 (1.03-1.05)
0.684
White
0.97 (0.72-1.30)
0.827
Black
0.87 (0.67-1.15)
0.337
Asian
1.10 (0.73-1.66)
0.645
Hispanic
0.80 (0.62-1.04)
0.101
Cesareans for other pregnancy- or non-pregnancy related risk
All women
1.16 (1.07-1.26)
<.0001
0.955
1.02 (1.01-1.04)
0.98 (0.98-0.99)
0.001
Cesareans with no indication
All women
0.95 (0.76-1.18)
0.632
<.0001
0.91 (0.86-0.96)
1.01 (1.00-1.03)
0.006
White
1.09 (0.80-1.48)
0.598
Black
1.37 (0.87-2.17)
0.179
Asian
0.97 (0.65-1.45)
0.877
Hispanic
0.94 (0.63-1.42)
0.782
RR: Rate ratio in age-standardized Cesarean rates
ǂ
Interaction term: ACOG-SMFM Recommendation x Race/Ethnicity
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Table 3. Level and trend changes in NTSV Cesarean rates, by hospital type and maternal race/ethnicity,
after ACOG-SMFM's recommendations of 2014, NYC hospitals: 2012-2017
p-value
p-value for
PrePostfor level interactionǂ recommendation recommendation
Change in level
RR (95% CI)
change
term
slope (95% CI)
slope (95% CI)
§
All hospitals
0.95 (0.92-0.97)
<.0001
<.0001
1.00 (1.00-1.01)
1.01 (1.00-1.01)
Minority-serving hospitals
All women
0.95 (0.91-1.00)
0.048
0.031ǂ
1.00 (0.99-1.01)
1.00 (1.00-1.01)
White
0.82 (0.66-1.00)
0.055
Black
1.02 (0.94-1.12)
0.575
Asian
0.99 (0.89-1.11)
0.850
Hispanic
0.91 (0.85-0.99)
0.021
Non-minority-serving hospitals
All women
0.95 (0.92-0.98)
0.001
<.0001ǂ
1.01 (1.00-1.01)
1.00 (0.99-1.00)
White
0.95 (0.90-1.00)
0.040
Black
0.94 (0.87-1.02)
0.173
Asian
1.04 (0.96-1.12)
0.329
Hispanic
0.94 (0.87-1.01)
0.100
RR: Rate ratio in age-standardized Cesarean rates
§
Interaction term: ACOG-SMFM recommendation x Hospital type
ǂ
Interaction term: ACOG-SMFM recommendation x Race/Ethnicity

p-value
for slope
change
0.113
0.496

0.055
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Table 4. Risk of Cesarean delivery attributable to race/ethnicity, and avertable Cesareans, post-ACOG recommendation:
April 2014-December 2017

All women
White
Black
Asian
Hispanic
Age-standardized Cesarean rate (post24.7%
19.1%
34.4%
24.6%
27.2%
ACOG)
Risk-adjusted rate ratio*
1.40 (1.36 - 1.43)
1.18 (1.15 - 1.21)
1.23 (1.20 - 1.26)
% of births
100%
35.8%
17.7%
19.8%
26.7%
Attributable risk %
0.0%
28.4%
15.2%
18.8%
Population Attributable Risk
13.0%
0.0%
5.0%
3.0%
5.0%
Averted Cesareans (%)
2362
1096 (46.4%)
214 (9.1%)
1052 (44.6%)
Avertable Cesareans in absence of
10540
0 (0%)
4270 (40.5%)
2094 (19.9%)
4176 (39.6%)
racial/ethnic disparities§
Total avertable Cesareans§
12902
1095 (8.5%)
4484 (34.8%)
2094 (16.2%)
5228 (40.5%)
*Adjusted for maternal age, gestational age, insurance, hospital type, pre-pregnancy BMI and maternal, fetal, and obstetric risks.
§
Avertable Cesareans post-ACOG recommendation if relative risk of Cesarean delivery of non-White women was equal to 1.
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Supplementary Online Appendix: Methodological details
Controlled interrupted time series analysis was used to examine the effect of the ACOGSMFM recommendations on age-standardized NTSV Cesarean rates for all NTSV deliveries, as
well as by indication type and hospital type. Following the Joint Commission’s manual87 on
quality measures, we categorized maternal age into eight groups (e.g., <15 years, 15-19, 20-24,
25-29, 30-34, 35-39, 40-44, 45-65 years). The age-distribution of NTSV births during January March 2012 was used as the reference population, and for each subsequent quarter, age stratumspecific Cesarean rates were weighted by the age distribution of the reference population and
summed to obtain age-standardized Cesarean rates.
Age-standardized Cesarean rates were calculated for all NTSV deliveries, as well as by
indication type (e.g., absolute indication, dystocia, non-reassuring fetal status, other
pregnancy/obstetric risk, and no indication); maternal race/ethnicity; and hospital type (e.g.
minority-serving or non-minority-serving). The same procedure was used to derive agestandardized Cesarean rates for the control series (i.e., pre-term, non-singleton and non-vertex
presentation births among nulliparous women).
Segmented Poisson regression models were used to estimate the effect of the ACOGSMFM recommendations on NTSV Cesarean rates, overall, as well as by maternal
race/ethnicity, Cesarean indication type, and hospital type. Age-standardized counts of deliveries
each quarter were used as offset terms. For each of the outcomes assessed, the following model
was used:

Yt = β0 + β1t + β2X + β3Xt
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where Yt is the proportion of births by Cesarean delivery; t is time (measured in quarters
sinceJanuary 2012); X is an indicator for the ACOG-SMFM recommendations (0 during or prior
to March 2014 and 1 thereafter); β0 is the baseline Cesarean rate; β1 is the change in the Cesarean
rate (i.e., slope) associated with a one-unit change in time during the pre-ACOG-SMFM
recommendation period; β2 is the level or intercept change associated with the ACOG-SMFM
recommendation; and β3 is the slope after the ACOG-SMFM recommendations.
To test whether the effects of the ACOG-SMFM recommendations differed by maternal
race/ethnicity and by hospital type, interaction terms were included in our model, and stratified
analyses by maternal race/ethnicity and hospital type were run where there was evidence that the
effect of the recommendations varied by race/ethnicity or hospital type.
In sensitivity analyses, we included a Fourier term in the model to adjust for potential
seasonality differences, and we incorporated a 3-month (1 quarter) lag to allow additional time
for the adoption of ACOG-SMFM recommendations. We also conducted a sensitivity analysis of
the effect of the ACOG-SMFM recommendations on Cesareans for dystocia, non-reassuring fetal
status, other obstetric risks, and no indication using only the recorded reasons for Cesarean
delivery, ignoring other data on the birth certificate related to labor characteristics.
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Supplemental Table 1. Level and trend changes in Cesarean rates, by indication type and maternal
race/ethnicity, allowing for 3-month lag in adoption of ACOG-SMFM recommendation, New York
City hospitals, 2012-2017

p-value
p-value for
Cesarean type
p-value
PrePostfor
and population
for level interactionǂ recommendation recommendation
slope
Change in level
group
RR (95% CI)
change
term
slope (95% CI)
slope (95% CI)
change
All Cesareans
All women
0.93 (0.91-0.96)
<.0001
<.0001
1.00 (1.00-1.01)
1.00 (1.00-1.01)
0.767
White
0.90 (0.85-0.95)
<.0001
Black
0.97 (0.91-1.03)
0.359
Asian
0.99 (0.93-1.06)
0.771
Hispanic
0.92 (0.87-0.97)
0.003
Cesareans among nulliparous women with pre-term, non-singleton or non-cephalic pregnancies (Control series)
All women
1.02 (0.98-1.07)
0.355
<.0001
1.00 (1.00-1.01)
1.00 (1.00-1.00)
0.078
White
1.01 (0.93-1.09)
0.833
Black
1.03 (0.93-1.15)
0.553
Asian
1.04 (0.93-1.16)
0.524
Hispanic
1.00 (0.99-1.01)
0.584
Cesareans for dystocia indications
All women
0.87 (0.83-0.90)
<.0001
<.0001
0.99 (0.99-1)
1.01 (1-1.01)
0.002
White
0.81 (0.76-0.87)
<.0001
Black
0.91 (0.84-0.99)
0.023
Asian
0.96 (0.89-1.05)
0.391
Hispanic
0.84 (0.78-0.90)
<.0001
Cesareans for non-reassuring status indications
All women
1.10 (1.03-1.17)
0.003
0.001
1.01 (1.00-1.02)
1.00 (1.00-1.01)
0.763
White
1.04 (0.92-1.17)
0.578
Black
1.01 (0.90-1.14)
0.837
Asian
1.18 (1.01-1.37)
0.041
Hispanic
1.29 (1.14-1.45)
<.0001
Cesareans for absolute indications
All women
0.89 (0.77-1.04)
0.141
0.130
1.03 (1.00-1.05)
1.04 (1.03-1.05)
0.184
Cesareans for other obstetric risks
All women
1.06 (0.98-1.15)
0.138
0.927
1.03 (1.01-1.04)
0.98 (0.98-0.99)
<.0001
Cesareans with no indication
All women
0.98 (0.78-1.22)
0.848
<.0001
0.94 (0.89-0.99)
1.01 (1-1.03)
0.018
White
1.07 (0.78-1.46)
0.681
Black
1.33 (0.83-2.11)
0.234
Asian
0.84 (0.56-1.26)
0.399
Hispanic
1.20 (0.80-1.80)
0.379
RR: Rate ratio in age-standardized Cesarean rates
ǂ
Interaction term: ACOG-SMFM recommendation x Race/Ethnicity
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Supplemental Table 2. Level and trend changes in NTSV Cesarean rates after ACOG-SMFM's
recommendation of 2014, adjusting for seasonality, NYC hospitals: 2012-2017
p-value
for level
Change in level
RR (95% CI)
change
All women
0.94 (0.90-0.98)
0.001
RR: Rate ratio in age-standardized Cesarean rates

PrePostrecommendation recommendation
slope (95% CI)
slope (95% CI)
0.99 (0.95-1.03)
0.98 (0.97-1.00)

p-value
for slope
change
0.187

56

Supplemental Table 3. Level and trend changes in Cesarean delivery, by Cesarean reason and
maternal race/ethnicity, after ACOG-SMFM's recommendation of 2014, NYC hospitals, 2012-2017
p-value for
interactionǂ
term

Cesarean type
p-value
and population
for level
Change in level
group
RR (95% CI)
change
Cesareans for dystocia
All women
0.85 (0.82-0.89)
<.0001
<.0001
White
0.82 (0.77-0.88)
<.0001
Black
0.89 (0.82-0.98)
0.012
Asian
0.95 (0.87-1.03)
0.221
Hispanic
0.84 (0.78-0.91)
<.0001
Cesareans for non-reassuring status
All women
1.03 (0.97-1.09)
0.299
0.073
Cesareans for absolute indications
All women
0.85 (0.73-0.98)
0.027
0.002
White
0.97 (0.72-1.3)
0.828
Black
0.87 (0.67-1.15)
0.337
Asian
1.10 (0.73-1.66)
0.645
Hispanic
0.80 (0.62-1.04)
0.101
Cesareans for other pregnancy- or non-pregnancy related reasons
All women
1.17 (1.09-1.26)
<.0001
0.002
White
1.21 (1.07-1.37)
0.002
Black
1.27 (1.09-1.49)
0.002
Asian
1.06 (0.88-1.29)
0.534
Hispanic
1.03 (0.88-1.20)
0.693
Cesareans with no indication
All women
1.00 (0.87-1.16)
0.964
0.002
RR: Rate ratio in age-standardized Cesarean rates
ǂ
Interaction term: ACOG-SMFM recommendation x Race/Ethnicity

PrePostrecommendation recommendation
slope (95% CI)
slope (95% CI)

p-value
for
slope
change

0.99 (0.99-1.00)

1.00 (1.00-1.00)

0.085

1.01 (1-1.02)

1.01 (1.01-1.01)

0.924

1.04 (1.01-1.06)

1.04 (1.03-1.05)

0.684

1.01 (0.99-1.02)

0.98 (0.97-0.98)

0.021

0.93 (0.9-0.97)

1.02 (1.01-1.03)

<.0001
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CHAPTER 3: THE CONTRIBUTION OF LABOR MANAGEMENT
PRACTICES TO RACIAL/ETHNIC DISPARITIES IN CESAREAN
DELIVERY: A CAUSAL MEDIATION ANALYSIS (AIM 2)

ABSTRACT
Racial/ethnic disparities in Cesarean delivery in the United States may be partly driven by
modifiable factors, including the management of labor. Among low-risk deliveries in New York
City hospitals (2012-2017), we examined differences in the diagnosis of non-absolute Cesarean
indications and in induction of labor (IOL) without medical indication at 39 weeks by maternal
race/ethnicity, using causal mediation analysis to estimate the effects of differences in labor
management on Cesarean disparities. Overall, 27.4% of term births (N=259,801) and 28.3% of
births at 39-41 weeks (N=200,128) were delivered by Cesarean. Cesarean risks were
significantly higher among Black women with term births (RR: 1.42; 95% CI: 1.39-1.45), Asian
women (1.19; 1.17-1.21), and Hispanic women (1.25: 1.23-1.27) than White women, with
similar Cesarean disparities in deliveries at 39-41 weeks. Black, Asian and Hispanic women
were more likely to be diagnosed with non-absolute Cesarean indications, and these differences
explained a substantial proportion of excess Cesarean risks—from approximately 14% among
Black women to 50% among Asian and Hispanic women. Non-medically indicated IOL at 39
weeks was slightly more prevalent among Black, Asian and Hispanic women and reduced excess
Cesarean risks by almost 4% among Black women and 9% among Asian and Hispanic women.
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INTRODUCTION

In the past three decades, the proportion of births delivered by Cesarean section has increased by
more than 50% in the United States (U.S.), and in 2018, almost one-third of all births were
Cesarean deliveries.1 While Cesarean delivery can be a life-saving intervention when certain
complications arise, Cesarean rates above 20% are not associated with any maternal, perinatal or
neonatal benefits.2,3 In addition, Cesarean delivery is associated with increased risks of maternal
mortality and morbidity, as well as elevated risks during subsequent pregnancies and neonatal
and childhood morbidities.4-7 There are large and persistent racial/ethnic disparities in delivery
mode in the U.S., with the risk of Cesarean delivery as much as 1.2 and 1.7 times higher,
respectively, among Hispanic and Black women compared with White women.8-13

Primary Cesareans are important drivers of overall Cesareans rates because previous Cesareans
are a major reason for subsequent Cesareans.2,3,14 In 2014, the American College of Obstetricians
and Gynecologists (ACOG) and the Society for Maternal-Fetal Medicine (SMFM) issued joint
recommendations for averting unnecessary primary Cesareans,5 recommending alternative labor
management strategies to avert unnecessary Cesareans for labor dystocia and indeterminate fetal
heart tracings—indications that are considered non-absolute because there is considerable
variation in the diagnosis of dystocia, and low inter- and intra-observer reliability in the
interpretation of fetal heart tracings.15-19

Maternal clinical factors do not appear to account for either temporal trends or racial/ethnic
disparities in primary Cesareans, and available evidence suggests that variation in Cesarean rates
may be driven, in part, by potentially modifiable factors, including patient preferences and
provider- and hospital-level practices.12,13,20-37 While racial/ethnic disparities in obstetric care are
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under-researched, studies show that Cesareans are more likely to be performed for non-absolute
indications among Black, Hispanic and other minorities compared with White women.10,11,35,38
Studies have also reported variation in the induction of labor (IOL) by maternal race/ethnicity,
with White women more likely to be induced at term than Black, Asian, and Hispanic women.3942

With a recent large trial finding that IOL with no medical indication at 39 weeks’ gestation is

associated with reduced Cesarean risks compared with expectant management of pregnancy,43
the extent to which differential labor management practices contribute to Cesarean disparities is
an important area for study.

To elucidate possible mechanisms contributing to Cesarean disparities among women with lowrisk births, we examined whether associations between labor management practices and
Cesarean delivery differ by maternal race/ethnicity and used causal mediation analysis to assess
whether differences in labor management explain excess Cesarean risks among Black, Asian,
and Hispanic women in New York City (NYC) where Cesarean rates and Cesarean disparities
are similar to those observed nationally.12,44 We examined the diagnosis of non-absolute
Cesarean indications and IOL at 39 weeks with no medical indication and assessed whether
differences in these practices contribute to excess Cesarean risks among racial and ethnic
minorities.

METHODS

Data source
We used birth certificate data for the years 2012 to 2017, available from the NYC Department of
Health and Mental Hygiene’s Bureau of Vital Statistics. Data were de-identified prior to use, and
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the study was approved as non-human subjects research by the City University of New York
(CUNY) Graduate School of Public Health’s Institutional Review Board (IRB).

Study population
Of 724,825 births occurring from 2012 to 2017, we included women with low-risk pregnancies,
whose self-reported race/ethnicity was non-Hispanic White, non-Hispanic Black, Asian/Pacific
Islander, or Hispanic (hereafter referred to as White, Black, Asian and Hispanic). Low-risk
pregnancies were defined as nulliparous, term (≥37-41 weeks gestation), singleton pregnancies
in vertex presentation (NTSV).45,46 Women with no record of prior delivery were considered
nulliparous. A clinical estimate of gestational age, as recorded on the NYC birth certificate, was
used to identify term pregnancies, with gestational age based on last menstrual period used for
births missing a clinical estimate of gestational age.

Non-NTSV births, post-date (gestational age ≥42 weeks) pregnancies, and non-NYC-hospital
births (i.e., home births and births in free-standing birth centers or hospitals outside NYC) were
ineligible for inclusion (N=451,067, 62.2%) (Figure 1). Births of unknown parity, gestational
age, or presentation (N=2,986, 0.4%) were excluded, along with 10,971 (1.5%) births to women
with unknown or “other” race/ethnicity, unknown nativity, or missing data related to maternal
age, pre-pregnancy BMI, education level, or insurance type.

Variables
Maternal race/ethnicity was treated as the exposure of interest. Maternal race (e.g., White, Black,
Asian, etc.) and ethnicity (i.e., Hispanic or non-Hispanic ancestry) are each self-reported in NYC
birth records and combined. The primary outcome was Cesarean delivery, as recorded on the
birth certificate (yes or no).
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We examined two mediators as possible mechanisms contributing to racial/ethnic disparities in
Cesarean delivery: non-absolute Cesarean indications and non-medically indicated IOL at 39
weeks. Among all NTSV births, deliveries with indications related to dystocia or non-reassuring
fetal status recorded under labor characteristics (e.g., prolonged labor, and fetal intolerance of
labor or meconium staining) and no absolute Cesarean indication (e.g., placenta previa, excessive
bleeding or herpes simplex infection), were categorized as births with non-absolute Cesarean
indications.

To approximate the conditions of a recent randomized trial comparing IOL at 39 weeks to
expectant management of labor among low-risk pregnancies,43 we examined IOL with no
medical indication among NTSV births with gestational age between 39 and 41 weeks. Births
with artificially ruptured membranes or medical induction were categorized as induced labors.
Because indications for IOL are not recorded on the NYC birth certificate, we defined nonmedically indicated IOL at 39 weeks as induced labors with gestational age equal to 39 weeks,
no contraindication to IOL (placenta previa, herpes simplex virus)47 and no maternal, fetal, or
obstetric condition that might indicate induction (i.e., prolonged or premature rupture of the
membranes, abruptio placenta, chorioamnionitis, oligohydramnios, polyhydramnios, prepregnancy or pregnancy-induced hypertension, eclampsia, pre-pregnancy or gestational diabetes,
Rh incompatibility, cardiac disease, asthma/acute or chronic lung disease, or other chronic
illness).47-50

With maternal race/ethnicity as the exposure of interest, we assumed no exposure-outcome
confounding. Variables treated as possible confounders of mediator-outcome associations
included maternal age; education-level (high school diploma or less versus some post-secondary
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education or degree); pre-pregnancy BMI (categorized as underweight: BMI<18.5; normal
weight: BMI 18.5-24.9; overweight: BMI 25-29.9; or obese: BMI ≥ 30); nativity (U.S.- versus
foreign-born); and insurance coverage (private health insurance versus Medicaid, other
government insurance, self-pay, or other) (Figure 2). As other research in NYC has shown that
obstetric care and care outcomes differ between hospitals serving predominantly minority
women and those with a predominantly White patient population51-53, we also considered
delivery in a minority-serving hospital a possible mediator-outcome confounder and considered
hospitals with >80% of deliveries to non-White women minority-serving hospitals. In examining
non-absolute Cesarean indications as a mediator of Cesarean disparities, we also considered
gestational age, and the presence of selected obstetric or maternal complications (i.e.,
hypertensive disorders, pre-pregnancy or gestational diabetes, anemia, and hemoglobinopathy) to
be mediator-outcome confounders. In examining non-medically indicated IOL as a mediator of
Cesarean disparities, we considered other obstetric risks that are not among IOL indications (i.e.,
hemoglobinopathy, anemia, febrile temperature, other vaginal bleeding, or pre-labor referral for
high-risk care)47 to be potential mediator-outcome confounders.

Statistical analysis

We used descriptive statistics to summarize the characteristics of women with low-risk, NTSV
deliveries in NYC between 2012 and 2017, overall, and by maternal race/ethnicity, as well as the
subset of women delivering between 39 and 41 weeks.

Modified Poisson regression models with robust standard errors were used to estimate the
relative risk of hypothesized mediators and Cesarean delivery for Black, Asian and Hispanic
women compared with White women. We used an interaction term to assess whether the effect
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of hypothesized mediators on Cesarean risk differed by maternal race/ethnicity on the
multiplicative scale and estimated the relative excess risk due to interaction (RERI) on the
additive scale.54

We then performed stratified mediation analyses to estimate the contribution of hypothesized
mediators to excess Cesarean risks, comparing Black, Asian, and Hispanic women to White
women. Two approaches were used to estimate the effects of hypothesized mediators on
Cesarean disparities in our main analyses. First, we used the Stata med4way command,55 using a
Poisson model to fit the outcome as a function of the exposure, mediator, and mediator-outcome
confounders and a logistic model to fit the mediator, adjusting for mediator-outcome
confounders. The mediator was set to the level that reduces Cesarean risks for mediators that are
harmful, and to the level that increases Cesarean risks for mediators that are protective. The total
effect (TE) of maternal race/ethnicity was decomposed into four components: the controlled
direct effect (CDE) of the exposure on the outcome that is independent of the mediator; the pure
indirect effect (PIE) that is due to mediation only; the effect due to interaction between the
exposure and the mediator when the mediator is present (reference interaction); and the effect
due to both mediation and interaction (mediated interaction, occurring only if the exposure
affects the mediator).56 Based on the total effect decomposition, we estimated the proportion
eliminated—a composite of mediation and interaction effects that represents the theoretical
proportion of the outcome that could be eliminated if the mediator was absent. These effect
estimates can be interpreted causally if there is no uncontrolled confounding of the exposureoutcome, exposure-mediator and mediator-outcome associations, and if there are no mediatoroutcome confounders that are affected by the exposure of interest.57,58 While it is plausible to
assume no exposure-outcome and exposure-mediator confounding when race/ethnicity is treated
as an exposure,59,60 the assumption of no mediator-outcome confounder affected by exposure
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could potentially be violated if certain obstetric risk factors (e.g., age, BMI, education, nativity
status, socio-economic status, health-related risks or hospital of delivery) that are confounders of
Cesarean delivery and hypothesized mediators are also associated with race/ethnicity (Figure 2).
Therefore, we also used g-estimation of a structural nested mean model, as proposed by Naimi et
al.59 to estimate the CDE of maternal race/ethnicity on Cesarean delivery. In the case of a
nonmanipulable exposure, such as race/ethnicity, the CDE is interpretable as a counterfactual
disparity measure (CDM) of the difference in the outcome that is not due to the mediator.59,60 Gestimation is doubly robust, yielding consistent estimates if either the mediator model or the
outcome model are correctly specified.59 In sensitivity analyses, we also estimated CDMs using
inverse probability-weighted marginal structural models and structural transformation, which
require correct specification of both mediator and outcome models for consistent estimation.

All data management was performed using SAS 9.4 (SAS Institute, Cary, NC), and analyses
were performed in SAS and Stata/MP15.1 (StataCorp, College Station, TX).

RESULTS

There were 259,801 women with NTSV deliveries between 2012 and 2017, including 91,189
(35.1%) to White women, 47,251 (18.2%) to Black women, 51,089 (19.7%) to Asian women,
and 70,272 (27.0%) to Hispanic women (Table 1A). The mean age of all parturients was 28.2
years (30.6 years among White women, 26.4 years among Black women, 29.6 years among
Asian women and 25.5 years among Hispanic women). The mean gestational age at delivery
among all NTSV births was 39.3 weeks.
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One third of NTSV deliveries were to women who were overweight (20.5%) or obese (12.5%
with Black and Hispanic women more likely to be overweight (27.6% and 26.6%, respectively)
or obese (24.1% and 17.9%), compared with White (16.3% overweight; 7.2% obese) and Asian
women (13.2% overweight; 3.7% obese). Overall, one-third (33.4%) of women had at least one
obstetric, fetal or maternal risk recorded on the birth certificate, with such risks more prevalent
among Black and Hispanic women, compared with White and Asian women.

There were marked racial/ethnic differences in education, health insurance coverage, nativity,
and hospital of delivery, with 84.8% of White women and 70.7% of Asian women having
attended some college or earned a degree, compared with 59.9% of Black women and 51.3% of
Hispanic women. Only 25.1% of births to White women were covered by public or government
health insurance, compared with 74.1% of Hispanic women, 67.7% of Black women and 53.1%
of Asian women. The majority of White and Black women were born in the US, compared with
51.2% of Hispanic women and 13.5% of Asian women. One-third of births were in minorityserving hospitals; only 5.6% of White women delivered in minority-serving hospitals, compared
with 51.1% of Black women, 55.1% of Hispanic women, and 32.6% of Asian women.

Non-absolute Cesarean indications were recorded in 22% NTSV deliveries, with these
indications more commonly recorded in births to Black (24.5%) and Hispanic women (22.9%),
compared with White (20.7%) and Asian women (20.6%). Overall, 27.4% of NTSV births were
delivered by Cesarean, including 24.7% among White women, 33.4% among Black women,
26.6% among Asian women, and 27.3% among Hispanic women.

Among the subset of 200,128 births delivered at or after 39 weeks, the mean gestational age was
39.7 weeks. A slightly higher proportion of these deliveries were to White women (36.9%), with
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17.4% to Black women, and 19.0% and 26.7%, respectively to Asian and Hispanic women
(Table 1B). Distributions of other maternal characteristics (e.g., maternal age, education,
insurance status, nativity status, insurance type, place of delivery, and the presence any obstetric,
fetal or maternal risks) were similar to those observed among all NTSV deliveries.

Among deliveries at or after 39 weeks, 6.2% were induced at 39 weeks with no medical
indication. Non-medically indicated IOL at 39 weeks was more prevalent among Asian women
(8.3%), compared with White (5.5%), Black (5.8%) and Hispanic women (5.9%). Overall,
28.3% of deliveries at or after 39 weeks’ gestation were delivered by Cesarean, including 25.1%
of births to White women, and 34.3%, 28.3%, and 28.7%, respectively, among Black, Asian and
Hispanic women.

Unadjusted and adjusted relative risks of hypothesized mediators are shown in Table 2.
Controlling for maternal age, gestational age, education, insurance type, BMI, other obstetric
risks, and delivery in a minority-serving hospital, Black women were 1.21 times more likely to
have non-absolute Cesarean indications recorded than White women (95% CI: 1.18-1.23).
Hispanic and Asian women, respectively, were 1.15 (95% CI: 1.13-1.18) and 1.07 (95% CI:
1.04-1.09) times more likely than White women to have such indications recorded. Among births
at or after 39 weeks, adjusted relative risks of non-medically indicated IOL at 39 weeks were
1.44 times higher among Asian women (95% CI: 1.37-1.51), compared with White women and
1.08 (95% CI: 1.02-1.14) and 1.07 (95% CI: 1.01-1.13) times higher among Hispanic and Black
women, respectively.

Unadjusted and adjusted relative risks of Cesarean delivery are shown in Table 3. Among all
NTSV births, risk-adjusted Cesarean rates were 1.42 times higher among Black women
67

compared with White women (95% CI: 1.36-1.41), and 1.25 (95% CI: 1.23-1.27) and 1.19 (95%
CI: 1.17-1.21) times higher among Hispanic and Asian women, respectively. Similar relative risk
differences were observed in births at or after 39 weeks.

Table 4 presents adjusted risk ratios (ARR) of Cesarean delivery among Black, Asian and
Hispanic women by the presence or absence of non-absolute Cesarean indications (4A) and nonmedically indicated IOL at 39 weeks (4B). For non-absolute Cesarean indications, there was a
positive interaction with maternal race/ethnicity on the additive scale, with a RERI of 0.14 (95%
CI: 0.04, 0.23) among Black women; 0.31 (95% CI: 0.21, 0.40) among Asian women; and 0.41
(95% CI: 0.33, 0.50) among Hispanic women, with consistent results shown on the
multiplicative scale for Asian and Hispanic women. For non-medically indicated IOL, there was
a negative interaction with maternal race/ethnicity on both the additive and multiplicative scales,
indicating that for all three groups of non-White women, risks of Cesarean delivery were lower
among women with non-medically indicated IOL at 39 weeks, compared with women who were
not induced, with ARRs of 0.81 among Hispanic women (95% CI: 0.75-0.87); 0.84 among Black
women (95% CI: 0.78-0.91); and 0.88 among Asian women (95% CI: 0.82-0.94). In contrast,
among White women, non-medically indicated IOL at 39 weeks gestation did not reduce
Cesarean risks (ARR: 1.01; 95% CI: 0.95-1.07).

Table 5 shows the results of a four-way decomposition of direct and indirect effects and the
extent to which the Cesarean disparities are mediated by labor management practices. Nonabsolute Cesarean indications explain a substantial portion of excess Cesarean risk among nonWhite women, ranging from 13.4% among Black women (95% CI: 9.4%-17.4%) to 38.5%
among Hispanic women (95% CI: 32.8%-44.3%), and 50.5% among Asian women (95% CI:
34.4%-66.6%). Among Asian and Hispanic women, reference interaction (i.e., an additive
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interaction that operates only in the presence of the mediator) appeared to be more important
than mediation. Mediation alone explained 7.7% of the excess Cesarean risk among Black
women (95% CI: 6.1%-9.2%) and 11.4% among Hispanic women (95% CI: 9.1%, 13.8%), and
did not explain excess risk among Asian women.

Non-medically indicated IOL at 39 weeks reduced excess risks of Cesarean delivery among nonWhite women, with the four-way decomposition showing that in the absence of the mediator,
Cesarean risks would increase by 7.3% among Black women (95% CI: 2.9%-11.6%), by 4.3%
among Asian women (95% CI: 0.6%-8.0%), and 4.4% among Hispanic women (95% CI: 2.3%6.5%). Risk reduction was primarily due to reference interaction and mediated interaction, rather
than pure indirect effects.

Results of mediation analyses using g-estimation of structural nested mean models to account for
mediator-outcome confounders that may be associated with maternal race/ethnicity were
consistent with CDE estimates from four-way decompositions using med4way (Table 6).
Sensitivity analyses using inverse-probability weighted marginal structural models and structural
transformation also yielded similar estimates (Table S1).

DISCUSSION

Consistent with previous research in obstetric care10,11,35 and other areas of health care (e.g.,
cancer care, chronic disease, mental health, and emergency care)61,62 showing that non-White
patients are less likely to receive medical care that accords with current clinical guidelines, we
found that Black, Asian and Hispanic women were significantly more likely than White women
to deliver by Cesarean section and to be diagnosed with non-absolute Cesarean indications.
69

Causal mediation analyses indicated that differences in the diagnosis of non-absolute indications
for Cesarean delivery may contribute to Cesarean disparities among women with low-risk,
NTSV deliveries, in both relative and absolute terms. These findings suggest that increased
attention to ACOG’s 2014 recommendations for reducing unnecessary primary Cesareans—and
particularly Cesareans for non-absolute indications—could help address racial/ethnic disparities
in Cesarean rates.

Labor induction without medical indication at 39 weeks was rare, and it was slightly, but
significantly, more prevalent among Black, Asian and Hispanic women compared with White
women. While it was not significantly associated with Cesarean delivery among White women,
non-medically indicated IOL at 39 weeks was associated with reduced risks of Cesarean delivery
among non-White women, and our mediation analyses suggested that eliminating differences in
non-medically indicated IOL would increase disparities in Cesarean delivery. These findings
appear to accord with the findings of the 2018 ARRIVE trial—a large randomized controlled
trial which found that in NTSV deliveries, elective IOL at 39 weeks reduced risks of Cesarean
delivery, compared with expectant management of pregnancy (RR: 0.84; 95% CI: 0.76-0.93).43

While this concordance could be interpreted as bolstering evidence that IOL at 39 weeks reduces
Cesarean risks, the fact that labor induction had no protective effect for White women raises the
possibility that the protective effect of labor induction is related to provider- and/or hospital-level
differences in labor management and commitment to supporting vaginal birth. This possibility
could not be ruled out in the ARRIVE trial because neither providers nor parturients could be
blinded to treatment assignment, and management of labor and delivery was left to the
determination of attending physicians. Accordingly, labor induction with no medical indication
may simply reflect obstetric care providers’ willingness to allow maternity patients to labor, as
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opposed to delivering by Cesarean section, either precipitously or preemptively. While research
has shown that obstetric care outcomes are worse among non-White women in both minorityserving and non-minority serving hospitals,51,53,63,64 it is possible that IOL with no medical
indication at 39 weeks is a marker of delivery care quality or providers’ orientation toward
supporting vaginal delivery and that Black, Asian and Hispanic women who were induced at 39
weeks with no medical indication received a level of delivery care that is more similar in quality
to that provided to White women.

Our study has important limitations. Birth certificate data are known to be incomplete, and
documentation of procedures during labor and delivery is inconsistent. In addition, reasons for
labor induction are not specified in NYC birth certificate data, and we had to infer whether IOL
was indicated or non-medically indicated. While the quality of birth certificate data is thought to
have improved,65 a key challenge is that the completeness of birth-related records could reflect
the disparities in care that our study aimed to explore. A prior multi-hospital study of induced
labors, for example, found that non-White patients were 1.4 to 2.4 times more likely to have no
indication for induction recorded in their birth records.42 The effects of hypothesized mediators
could be overestimated if absolute indications for Cesarean delivery or medical indications for
IOL are under-documented in birth records for non-White women.

A further limitation is that even if the completeness of birth certificate data is independent of
patients’ race/ethnicity, it is possible that birth records reflect providers’ post-hoc justifications
of medical procedures undertaken for non-clinical reasons—e.g. provider convenience,
reimbursement considerations, or the phenomenon of statistical discrimination (i.e., the tendency
of health care providers to make diagnosis and treatment decisions based on probabilistic
assumptions related to patient race/ethnicity, rather than clinical indications and/or direct
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communication about patient preferences).65 The effects of hypothesized mediators could be
underestimated if birth records for non-White women reflect post-hoc justifications of
procedures undertaken for non-clinical reasons.

To our knowledge, no studies to date have used causal mediation analysis to explore whether
differences in labor management practices constitute mechanisms contributing to racial/ethnic
disparities in Cesarean delivery. We used multiple approaches to causal mediation analysis,
including doubly-robust g-estimation of a structural nested mean model to account for potential
bias caused by mediator-outcome confounders that are associated with maternal race/ethnicity.
As evidence of a mediation effect supports a causal interpretation of a hypothesized relationship,
our analysis provides new insights into the role that labor management practices may play in
racial/ethnic disparities in Cesarean delivery among low-risk births.

Another important strength of this analysis is the use of a large population-based dataset of all
hospital-based deliveries among nulliparous women with low-risk pregnancies in NYC over a
six-year period. Our robust sample and substantial number of births allowed us to test for
interaction and stratify analyses by maternal race/ethnicity. While the population of women
giving birth in NYC is more diverse than that of the U.S. population, with a high proportion of
births to foreign-born women,66 disparities in maternal health indicators in NYC mirror those
found nationally,12,44 and similar patient, provider, and hospital-level factors may contribute to
these disparities.

Labor management practices likely differ across hospitals, and further research is needed to
understand how labor management differs between hospitals that, due to the persistence of
structural racism, primarily serve minority populations, and those that serve predominantly
72

White patient populations. As these practices are potentially modifiable through training and
other hospital-level interventions, efforts to elucidate race/ethnicity-based differences in the
provision of obstetric care are critical for advancing birth equity and redressing persistent
disparities in pregnancy outcomes.
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Figure 1. Flow chart for inclusion of births
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Figure 1. Hypothesized relationships between exposure, mediators, confounders and outcomes
of interest

Factors associated with race/ethnicity—e.g., maternal age, BMI, insurance type, education, and nativity status (US vs.
foreign born), certain obstetric and maternal conditions, and hospital of delivery—may influence labor management
practices and mode of delivery. In the presence of mediator-outcome confounders that are associated with the exposure of
interest (i.e., race/ethnicity), standard approaches to mediation analysis introduce collider stratification bias.
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Figure 3. Excess risks for CS explained by hypothesized mediators, by maternal
race/ethnicity, estimated by Med4Way
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Figure 4. Excess risks for CS explained by mediation, by maternal race/ethnicity, estimated
by g-estimation
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Table 1A. Characteristics of women with low-risk births at NYC hospitals: 2012-2017
Characteristic

Mean maternal age in
years (95% CI)
Mean gestational age in
weeks (95% CI)
Pre-pregnancy BMI
Underweight (<18.5)
Normal weight (18.5–
24.9)
Overweight (25.0–29.9)
Obese (>30.0)
Any maternal, fetal, or
obstetric risk
Hypertensive disorders
Diabetes
Amniotic disorders
Placental disorders
Anemia and
hemoglobinopathy
Asthma/Chronic lung
disease
Other chronic conditions
Cardiac disease
Education
High school diploma or
less
Some college, college
degree or higher
Insurance
Public/government
Private/other
Nativity
Foreign-born
US-born
Hospital type
Minority serving
Non-minority serving
Labor characteristics
Non-absolute Cesarean
indication
Mode of delivery
Vaginal
Cesarean

All women*
259,801
28.2
(28.2-28.3)
39.3
(39.3-39.3)

White
91,189 (35.1)
30.6
(30.5-30.6)
39.4
(39.4-39.4)

Black
47,251 (18.2)
26.4
(26.3-26.4)
39.2
(39.2-39.2)

Asian
51,089 (19.7)
29.6
(29.5-29.6)
39.2
(39.1-39.2)

Hispanic
70,272 (27.0)
25.5
(25.4-25.5)
39.2
(39.2-39.3)

18120 (6.9)
155242 (59.3)

5744 (6.2)
63826 (69.4)

2182 (4.6)
20513 (43.2)

7054 (13.7)
35303 (68.6)

3140 (4.4)
35600 (50.2)

53747 (20.5)
32692 (12.5)
86758 (33.4)

15022 (16.3)
6597 (7.2)
21851 (24)

13101 (27.6)
11455 (24.1)
21366 (45.2)

6801 (13.2)
1931 (3.7)
15050 (29.5)

18823 (26.6)
12709 (17.9)
28491 (40.5)

<.0001

16432 (6.3)
15578 (6.0)
19203 (7.4)
1142 (0.4)
13975 (5.4)

4457 (4.9)
3570 (3.9)
4580 (5.0)
344 (0.4)
3351 (3.7)

4525 (9.6)
2651 (5.6)
3276 (6.9)
221 (0.5)
3692 (7.8)

2005 (3.9)
5709 (11.2)
4736 (9.3)
291 (0.6)
2541 (5.0)

5445 (7.7)
3648 (5.2)
6611 (9.4)
286 (0.4)
4391 (6.2)

<.0001
<.0001
<.0001
<.0001
<.0001

8304 (3.2)

1707 (1.9)

2465 (5.2)

516 (1.0)

3616 (5.1)

<.0001

5382 (2.1)
777 (0.3)

2270 (2.5)
292 (0.3)

1071 (2.3)
167 (0.4)

815 (1.6)
87 (0.2)

1226 (1.7)
231 (0.3)

<.0001
<.0001

81940 (31.5)

13816 (15.2)

18960 (40.1)

14973 (29.3)

34191 (48.7)

177861 (68.5)

77373 (84.8)

28291 (59.9)

36116 (70.7)

36081 (51.3)

134113 (51.6)
125688 (48.4)

22930 (25.1)
68259 (74.9)

31974 (67.7)
15277 (32.3)

27128 (53.1)
23961 (46.9)

52081 (74.1)
18191 (25.9)

<.0001

124949 (48.1)
134852 (51.9)

28145 (30.9)
63044 (69.1)

18314 (38.8)
28937 (61.2)

44167 (86.5)
6922 (13.5)

34323 (48.8)
35949 (51.2)

<.0001

84627 (32.6)
175174 (67.4)

5118 (5.6)
86071 (94.4)

24129 (51.1)
23122 (48.9)

16649 (32.6)
34440 (67.4)

38731 (55.1)
31541 (44.9)

<.0001

57106 (22.0)

18913 (20.7)

11586 (24.5)

10532 (20.6)

16075 (22.9)

<.0001

188725 (72.6)
71076 (27.4)

68650 (75.3)
22539 (24.7)

31472 (66.6)
15779 (33.4)

37497 (73.4)
13592 (26.6)

51106 (72.7)
19166 (27.3)

<.0001

p-value
<.0001
<.0001
<.0001

<.0001

* N (%). P-values are from ANOVA for continuous variables and Chi-square tests for categorical variables.
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Table 1B. Characteristics of women with low-risk births delivering at or after 39 weeks’ gestation, NYC
hospitals: 2012-2017
All women*
White
Black
Asian
Hispanic
Characteristic
200,128
73,858 (36.9) 34,860 (17.4) 37,995 (19.0) 53,415 (26.7)
Mean maternal age in
28.3
30.5
26.2
29.5
25.5
years (95% CI)
(28.2-28.3)
(30.5-30.6)
(26.2-26.3)
(29.5-29.6)
(25.4-25.5)
Mean gestational age in
39.7
39.8
39.7
39.7
39.7
weeks (95% CI)
(39.7-39.7)
(39.8-39.8)
(39.7-39.7)
(39.6-39.7)
(39.7-39.8)
Pre-pregnancy BMI
Underweight (<18.5)
13488 (6.7)
4548 (6.2)
1514 (4.3)
5164 (13.6)
2262 (4.2)
Normal weight (18.5–
120774 (60.3) 52027 (70.4)
15092 (43.3)
26516 (69.8)
27139 (50.8)
24.9)
Overweight (25.0–29.9)
41351 (20.7)
12137 (16.4)
9791 (28.1)
4968 (13.1)
14455 (27.1)
Obese (>30.0)
24515 (12.2)
5146 (7.0)
8463 (24.3)
1347 (3.5)
9559 (17.9)
Any maternal, fetal, or
64400 (32.2)
16785 (22.7)
15490 (44.4)
10833 (28.5)
21292 (39.9)
obstetric risk
Hypertensive disorders
10114 (5.1)
2795 (3.8)
2690 (7.7)
1178 (3.1)
3451 (6.5)
Diabetes
10415 (5.2)
2566 (3.5)
1619 (4.6)
3879 (10.2)
2351 (4.4)
Amniotic disorders
15511 (7.8)
3830 (5.2)
2602 (7.5)
3727 (9.8)
5352 (10.0)
Placental disorders
593 (0.3)
176 (0.2)
120 (0.3)
135 (0.4)
162 (0.3)
Anemia and
10743 (5.4)
2710 (3.7)
2721 (7.8)
1923 (5.1)
3389 (6.3)
hemoglobinopathy
Asthma/Chronic lung
6254 (3.1)
1359 (1.8)
1829 (5.2)
372 (1.0)
2694 (5.0)
disease
Other chronic conditions
3854 (1.9)
1722 (2.3)
746 (2.1)
559 (1.5)
827 (1.5)
Cardiac disease
552 (0.3)
210 (0.3)
115 (0.3)
60 (0.2)
167 (0.3)
Nativity
Foreign-born
95651 (47.8)
22760 (30.8)
13567 (38.9)
32925 (86.7)
26399 (49.4)
US-born
104477 (52.2) 51098 (69.2)
21293 (61.1)
5070 (13.3)
27016 (50.6)
Education
High school diploma or
62200 (31.1)
11226 (15.2)
13967 (40.1)
11146 (29.3)
25861 (48.4)
less
Some college, college
137928 (68.9) 62632 (84.8)
20893 (59.9)
26849 (70.7)
27554 (51.6)
degree or higher
Insurance
Public/government
102304 (51.1) 18658 (25.3)
23815 (68.3)
20242 (53.3)
39589 (74.1)
Private/other
97824 (48.9)
55200 (74.7)
11045 (31.7)
17753 (46.7)
13826 (25.9)
Hospital type
Minority-serving
64158 (32.1)
4065 (5.5)
18022 (51.7)
12310 (32.4)
29761 (55.7)
Non-minority-serving
135970 (67.9) 69793 (94.5)
16838 (48.3)
25685 (67.6)
23654 (44.3)
Labor characteristics
Non-indicated IOL at 39
12367 (6.2)
4056 (5.5)
2034 (5.8)
3137 (8.3)
3140 (5.9)
weeks' gestation
Mode of delivery
Vaginal
143554 (71.7) 55333 (74.9)
22905 (65.7)
27244 (71.7)
38072 (71.3)
Cesarean
56574 (28.3)
18525 (25.1)
11955 (34.3)
10751 (28.3)
15343 (28.7)

p-value
<.0001
<.0001
<.0001

<.0001
<.0001
<.0001
<.0001
0.0013
<.0001
<.0001
<.0001
<.0001
<.0001

<.0001

<.0001

<.0001
<.0001
<.0001

* N (%). P-values are from ANOVA for continuous variables and Chi-square tests for categorical variables.
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Table 2. Associations between race/ethnicity and hypothesized mediators at NYC hospitals:
2012-2017
Non-absolute Cesarean indication
Maternal race/ethnicity
White
Black
Asian
Hispanic

N (%)
18913 (20.7)
11586 (24.5)
10532 (20.6)
16075 (22.9)

RR
1.00
1.18 (1.16-1.21)
0.99 (0.97-1.02)
1.10 (1.08-1.12)

ARR§
1.00
1.21 (1.18-1.23)
1.07 (1.04-1.09)
1.15 (1.13-1.18)

p-value
<.0001
<.0001
<.0001

Non-medically indicated IOL at 39 weeks
Maternal race/ethnicity
N (%)
RR
ARR‡
p-value
White
4056 (5.5)
1.00
1.00
Black
2034 (5.8)
1.06 (1.01-1.12)
1.07 (1.01-1.13)
0.026
Asian
3137 (8.3)
1.50 (1.44-1.57)
1.44 (1.37-1.51)
<.0001
Hispanic
3140 (5.9)
1.07 (1.02-1.12)
1.08 (1.02-1.14)
0.005
RR: Risk ratio, ARR: Adjusted risk ratio
§
Adjustment for gestational age, maternal age, education, pre-pregnancy BMI, insurance status, nativity, other
maternal, fetal, or obstetric risks (anemia, hypertension, diabetes, oligohydramnios, polyhydramnios,
chorioamnionitis, hemoglobinopathy and other chronic diseases), and delivery in a minority-serving hospital
‡
Adjustment for maternal age, education, pre-pregnancy BMI, insurance status, nativity, and other maternal, fetal,
or obstetric risks (anemia, febrile temperature, other vaginal bleeding, hemoglobinopathy, or prelabor referral for
high-risk care), and delivery in a minority-serving hospital
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Table 3. Associations between maternal race/ethnicity and Cesarean risk at NYC hospitals:
2012-2017
All NTSV births (N=259,810)
Cesarean risk
Maternal race/ethnicity
N (%)
RR
ARR*
p-value
White
22539 (24.7)
1.00
1.00
Black
15779 (33.4)
1.35 (1.33-1.37)
1.42 (1.39-1.45)
<.0001
Asian
13592 (26.6)
1.08 (1.06-1.10)
1.19 (1.17-1.21)
<.0001
Hispanic
19166 (27.3)
1.10 (1.09-1.12)
1.25 (1.23-1.27)
<.0001
NTSV births at or after 39 weeks' gestation (N=200,133)
Maternal race/ethnicity
N (%)
RR
ARR*
p-value
White
18525 (25.1)
1.00
1.00
Black
11955 (34.3)
1.37 (1.34-1.39)
1.43 (1.40-1.46)
<.0001
Asian
10751 (28.3)
1.13 (1.11-1.15)
1.23 (1.21-1.26)
<.0001
Hispanic
15343 (28.7)
1.15 (1.12-1.17)
1.28 (1.25-1.30)
<.0001
RR: Risk ratio, ARR: Adjusted risk ratio
*Adjustment for maternal age, education, pre-pregnancy BMI, insurance status, nativity, and other maternal, fetal,
or obstetric risks (anemia, hypertension, diabetes, oligohydramnios, polyhydramnios, chorioamnionitis, abruptio
placenta, other vaginal bleeding, other chronic diseases, or prelabor referral), and delivery in a minority-serving
hospital
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Table 4. Modification of the association between maternal race/ethnicity and Cesarean delivery by (A) non-absolute Cesarean indications and (B) non-medically indicated IOL
at 39 weeks at NYC hospitals: 2012-2017
A. Non-absolute CS indication
Other CS indication or no
indication
Non-absolute CS indication

White

Black

Asian

Hispanic

ARRs (95% CI) for
Black vs. White

ARRs (95% CI) for
Asian vs. White

ARRs (95% CI) for
Hispanic vs. White

ARR§ (95% CI)

ARR (95% CI)

ARR (95% CI)

ARR (95% CI)

within CS
indication strata

within CS
indication strata

within CS
indication strata

1.00

1.51 (1.46-1.57)

1.08 (1.05-1.12)

1.27 (1.23-1.31)

2.38 (2.32-2.45)

3.01 (2.91-3.12)

2.75 (2.65-2.84)

2.99 (2.9-3.09)

1.51 (1.46-1.57)
p<.0001
1.22 (1.17-1.27)
p<.0001

1.08 (1.05-1.12)
p<.0001
1.16 (1.11-1.20)
p<.0001

1.27 (1.23-1.31)
p<.0001
1.20 (1.15-1.24)
p<.0001

2.03 (1.97-2.1)
p<.0001

2.53 (2.44-2.62)
p<.0001

2.45 (2.38-2.52)
p<.0001

0.14 (0.04, 0.23)

0.31 (0.21, 0.40)

0.41 (0.33, 0.50)

0.85 (0.81, 0.88)

1.04 (1.02, 1.06)

1.01 (1.00, 1.03)

White

Black

Asian

Hispanic

ARRs (95% CI) for
Black vs. White

ARRs (95% CI) for
Asian vs. White

ARRs (95% CI) for
Hispanic vs. White

ARR‡ (95% CI)

ARR (95% CI)

ARR (95% CI)

ARR (95% CI)

within IOL strata

within IOL strata

within IOL strata

1.00

1.46 (1.41-1.50)

1.18 (1.14-1.21)

1.32 (1.28-1.36)

1.01 (0.95-1.07)

1.22 (1.12-1.33)

1.04 (0.97-1.12)

1.07 (0.99-1.15)

1.46 (1.41-1.50)
p<.0001
1.24 (1.09-1.40)
p=0.0007

1.18 (1.14-1.21)
p<.0001
1.02 (0.90-1.14)
p=0.7936

1.32 (1.28-1.36)
p<.0001
1.09 (0.98-1.23)
p=0.1204

0.84 (0.78-0.91)
p<.0001
-0.25 (-0.37, -0.13)

0.88 (0.82-0.94)
p=0.0005
-0.14 (-0.24, -0.04)

0.81 (0.75-0.87)
p<.0001
-0.27 (-0.37, -0.16)

0.83 (0.74, 0.92)

0.94 (0.89, 0.98)

0.93 (0.90, 0.96)

ARRs (95% CI) for non-absolute CS indication
within strata of maternal race/ethnicity
Measure of interaction on additive scale (95% CI)
Measure of interaction on multiplicative scale (95%
CI)
B. Non-medically indicated IOL
at 39 weeks
Expectant management
IOL

ARRs (95% CI) for IOL within strata of maternal
race/ethnicity
Measure of interaction on additive scale (95%CI)
Measure of interaction on multiplicative scale
(95%CI)

ARRs adjusted for gestational age, maternal age, education, pre-pregnancy BMI, insurance status, nativity, and presence of other maternal, fetal, or obstetric risks (anemia, hypertension,
diabetes, oligohydramnios, polyhydramnios, chorioamnionitis, hemoglobinopathy and other chronic diseases), and delivery in a minority-serving hospital
§

ARRs are adjusted for overweight/obesity, maternal age, insurance status, education level, nativity, and presence of other maternal, fetal or obstetric risks (anemia, febrile temperature, other
vaginal bleeding, hemoglobinopathy, or prelabor referral for high-risk care), and delivery in a minority-serving hospital

‡
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Table 5. Mediation analysis and four-way decomposition of effects of labor management practices
on Cesarean risks, among NTSV births at NYC hospitals: 2012-2017
Mediator: Non-absolute CS indications =
NO
Total effect§
Controlled direct effect (CDE)
Reference interaction (INTref)
Mediated interaction (INTmed)
Pure indirect effect (PIE)
Four-way decomposition by non-absolute CS
indication
Proportion due to neither mediation nor
interaction (p_cde)
Proportion due to interaction only (p_intref)
Proportion due to mediated interaction
(p_intmed)
Proportion due to mediation only (p_pie)
Overall proportion due to mediation (op_m)
Overall proportion due to interaction (op_ati)
Overall proportion eliminated (op_e)*
Mediator: Non-medically indicated IOL at
39 weeks = NO
Total effect‡
Controlled direct effect (CDE)
Reference interaction (INTref)
Mediated interaction (INTmed)
Pure indirect effect (PIE)
Four-way decomposition by non-absolute CS
indication
Proportion due to neither mediation nor
interaction (p_cde)
Proportion due to interaction only (p_intref)
Proportion due to mediated interaction
(p_intmed)
Proportion due to mediation only (p_pie)
Overall proportion due to mediation (op_m)
Overall proportion due to interaction (op_ati)
Overall proportion eliminated (op_e)

Black

Asian

Hispanic

0.43 (0.39, 0.46)
0.37 (0.34, 0.40)
0.02 (0.01, 0.04)
0 (0, 0.01)
0.03 (0.03, 0.04)

0.10 (0.07, 0.13)
0.05 (0.02, 0.08)
0.05 (0.03, 0.06)
0 (0, 0)
0 (0, 0.01)

0.26 (0.23, 0.30)
0.16 (0.14, 0.19)
0.06 (0.05, 0.08)
0.01 (0.01, 0.01)
0.03 (0.02, 0.04)

86.6 (82.6, 90.6)
5.0 (1.5, 8.5)

49.5 (33.4, 65.6)
46.2 (30.7, 61.8)

61.5 (55.7, 67.2)
23.8 (18.9, 28.7)

0.7 (0.2, 1.3)
7.7 (6.1, 9.2)
8.4 (6.7, 10.0)
5.7 (1.7, 9.8)
13.4 (9.4, 17.4)
Black

0.7 (-0.5, 2)
3.5 (-2.2, 9.3)
4.3 (-2.7, 11.3)
47.0 (31.4, 62.5)
50.5 (34.4, 66.6)
Asian

3.3 (2.4, 4.1)
11.4 (9.1, 13.8)
14.7 (11.9, 17.5)
27.1 (21.6, 32.6)
38.5 (32.8, 44.3)
Hispanic

0.44 (0.40, 0.48)
0.47 (0.43, 0.51)
-0.03 (-0.05, -0.01)
0 (0, 0)
0 (0, 0)

0.24 (0.2, 0.28)
0.25 (0.21, 0.29)
-0.01 (-0.01, 0)
-0.01 (-0.01, 0)
0.01 (0, 0.01)

0.29 (0.26, 0.33)
0.31 (0.27, 0.34)
-0.01 (-0.01, 0)
-0.01 (-0.01, 0)
0 (0, 0.01)

107.3 (102.9, 111.6)
-7.4 (-12.0, -2.9)

104.3 (100.6, 108.0)
-2.9 (-4.9, -0.9)

104.4 (102.3, 106.5)
-2.6 (-3.8, -1.4)

0.5 (0, 1.1)
-0.4 (-0.7, 0)
0.2 (-0.1, 0.5)
-6.9 (-11.1, -2.7)
-7.3 (-11.6, -2.9)

-3.7 (-6.2, -1.1)
2.2 (0.6, 3.8)
-1.4 (-3.4, 0.5)
-6.5 (-11.1, -1.9)
-4.3 (-8.0, -0.6)

-2.8 (-4.1, -1.5)
1.0 (0.2, 1.7)
-1.8 (-2.8, -0.8)
-5.3 (-7.8, -2.9)
-4.4 (-6.5, -2.3)

*Proportion eliminated: a composite of mediation and interaction effects that represents the theoretical proportion of adverse
outcomes that could be eliminated if the mediator were absent.

Adjustment for gestational age, maternal age, education, pre-pregnancy BMI, insurance status, nativity, and presence of other
maternal, fetal, or obstetric risks (anemia, hypertension, diabetes, oligohydramnios, polyhydramnios, chorioamnionitis,
hemoglobinopathy and other chronic diseases), and delivery in a minority-serving hospital.
‡
Adjustment for maternal age, education, pre-pregnancy BMI, insurance status, nativity, and presence of other maternal, fetal, or
obstetric risks (anemia, febrile temperature, other vaginal bleeding, hemoglobinopathy, or prelabor referral for high-risk care),
and delivery in a minority-serving hospital
§
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Table 6. Estimated counterfactual disparity measure (CDM) and proportion of excess Cesareans
explained by labor management practices among NTSV births at NYC hospitals: 2012-2017
Proportion
explained by the
mediator (%)

Difference in CS rate, per
CDM**
Outcome: Cesarean delivery
100 births*
(95% CI)
Mediator: Non-absolute CS indications among all NTSV deliveries (N=259,810)§
Black
8.68 (9.19, 8.17)
7.48 (6.81, 8.15)
13.8
Asian
1.89 (2.36, 1.41)
0.88 (0.26, 1.51)
53.3
Hispanic
2.56 (2.99, 2.12)
1.17 (0.60, 1.74)
54.2
Mediator: Non-medically indicated IOL at 39 weeks among deliveries at or after 39 weeks' gestation
(N=200,133)‡
Black
9.21 (8.62, 9.8)
9.55 (8.78, 10.33)
-3.7
Asian
3.21 (2.66, 3.76)
3.50 (2.77, 4.22)
-8.9
Hispanic
3.64 (3.15, 4.14)
3.98 (3.32, 4.63)
-9.2
*Reference group: White
**Counterfactual disparity measure estimates the difference in the outcome that is not attributable to differences in
the mediator
§
Adjustment for gestational age, maternal age, education, pre-pregnancy BMI, insurance status, nativity, and
presence of other maternal, fetal, or obstetric risks (anemia, hypertension, diabetes, oligohydramnios,
polyhydramnios, chorioamnionitis, hemoglobinopathy and other chronic diseases), and delivery in a minorityserving hospital
‡
Adjustment for maternal age, education, pre-pregnancy BMI, insurance status, nativity, and presence of other
maternal, fetal, or obstetric risks (anemia, febrile temperature, other vaginal bleeding, hemoglobinopathy, or
prelabor referral for high-risk care), and delivery in a minority-serving hospital
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Table S1. Comparison of Counterfactual Disparity Measure (CDM)* estimates from g-estimation, inverse
probability-weighted marginal structural models (IPW MSM), and structural transformation
CDM
Difference in CS
CDM
CDM
Structural
rate, per 100
g-estimation
IPW MSM
transformation
Outcome: Cesarean delivery
births**
(95% CI)
(95% CI)
(95% CI)
§
Mediator: Non-absolute CS indications among all NTSV deliveries (N=259,810)
Black
8.68 (9.19, 8.17)
7.48 (6.81, 8.15)
7.57 (7.02, 8.12)
7.33 (6.84, 7.81)
Asian
1.89 (2.36, 1.41)
0.88 (0.26, 1.51)
0.92 (0.43, 1.41)
0.78 (0.33, 1.23)
Hispanic
2.56 (2.99, 2.12)
1.17 (0.60, 1.74)
1.23 (0.78, 1.68)
1.07 (0.66, 1.48)
Mediator: Non-medically indicated IOL at 39 weeks among deliveries at or after 39 weeks' gestation (N=200,133)‡
Black
9.21 (8.62, 9.8)
9.55 (8.78, 10.33)
9.59 (8.98, 10.2)
9.56 (8.97, 10.14)
Asian
3.21 (2.66, 3.76)
3.50 (2.77, 4.22)
3.60 (3.02, 4.17)
3.49 (2.94, 4.04)
Hispanic
3.64 (3.15, 4.14)
3.98 (3.32, 4.63)
4.04 (3.53, 4.55)
3.98 (3.49, 4.48)
*Counterfactual disparity measure estimates the difference in the outcome that is not attributable to differences in the
mediator
**Reference group: White
§
Adjustment for gestational age, maternal age, education, pre-pregnancy BMI, insurance status, nativity, and other
maternal, fetal, or obstetric risks (anemia, hypertension, diabetes, oligohydramnios, polyhydramnios, chorioamnionitis,
hemoglobinopathy and other chronic diseases), and delivery in a minority serving hospital
‡
Adjustment for maternal age, education, pre-pregnancy BMI, insurance status, nativity, and other maternal, fetal, or
obstetric risks (anemia, febrile temperature, other vaginal bleeding, hemoglobinopathy, or prelabor referral for high-risk
care), and delivery in a minority-serving hospital
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CHAPTER 4: RACIAL/ETHNIC VARIATION IN LOW-RISK CESAREAN
RATES AT NEW YORK CITY HOSPITALS: THE CONTRIBUTION OF
HOSPITAL-LEVEL FACTORS (AIM 3)

ABSTRACT
While hospital of delivery has been found to explain a substantial proportion of racial/ethnic
disparities in maternal mortality and morbidity, the extent to which disparities in Cesarean
delivery are explained by hospital-level factors is understudied. Among low-risk deliveries at
New York City hospitals during 2015-2017, we examined variation in Cesarean delivery, overall
and by maternal race/ethnicity, and we quantified the contribution of hospital-level factors to
variation in Cesarean delivery. Among 127,449 births, 27.8% were delivered by Cesarean
section. Adjusting for maternal and hospital characteristics, the odds of Cesarean delivery were
1.57 times higher among Black women (95% CI: 1.50-1.64), 1.36 times higher among Hispanic
women (95% CI: 1.31 - 1.42), and 1.25 times higher among Asian women (95% CI: 1.20 - 1.31),
respectively, compared with White women delivering at the same hospital. General contextual
effects were small, indicating little between-hospital variation after adjustment for maternal and
hospital characteristics. Between-hospital variance and hospital characteristics associated with
Cesarean delivery differed by maternal race/ethnicity, with delivery in a teaching hospital
reducing odds of Cesarean delivery among White and Asian women, but not among Black or
Hispanic women. Further research on unexplained racial/ethnic variation in obstetric care is
warranted.

91

INTRODUCTION
In the U.S., there are persistent racial and ethnic disparities in pregnancy outcomes that are not
explained by maternal clinical risks. A recent analysis of 2011-2015 national birth certificate
data reported that non-Hispanic Black women were more than three times as likely to die of
pregnancy-related causes than non-Hispanic White women even though there were no
differences in the distribution of preventable causes of maternal mortality.1 Data from New York
City (NYC) show even larger disparities, with maternal mortality eight times higher among nonHispanic Black women, compared with Non-Hispanic White women, and approximately two
times higher among Hispanic and Asian women.2 Similar disparities have also been observed in
maternal morbidity in NYC, with Non-Hispanic Black, Hispanic, and Asian women facing
higher risks of life-threatening complications during and after pregnancy, compared with nonHispanic White women.3-5

Alongside disparities in pregnancy outcomes, there are persistent disparities in obstetric care.
Studies have found that non-Hispanic Black, Hispanic and Asian women with low-risk
pregnancies in NYC are more likely to be delivered by Cesarean section than non-Hispanic
White women, at both public and private hospitals, even when controlling for pregnancy-related
risks and other medical complications.6,7 Rates of Cesarean birth in NYC—like the United States
(U.S.), generally—exceed levels at which Cesarean delivery confers any maternal, perinatal or
neonatal benefits,8,9 raising concerns about unnecessary use of the procedure, particularly given
its attendant risks for both mothers and neonates. Although Cesarean delivery is a life-saving
procedure when certain complications arise, it is associated with increased risks of maternal
mortality and morbidity, infant mortality, neonatal and childhood morbidities, as well as

92

increased risks for women during subsequent pregnancies 10-15

Research has suggested that site of delivery may explain a substantial proportion of the excess
risks of maternal mortality and morbidity among non-Hispanic Black and Hispanic women in
NYC.4,5,16 However, the extent to which it may explain excess risks of and disparities in
Cesarean delivery is understudied. In addition, past research has yielded little consistent evidence
on hospital-level factors associated with Cesarean risks. Studies in NYC and elsewhere in the
U.S. have shown higher rates of Cesarean delivery among those delivering at private hospitals,
compared with public or non-profit institutions.7,17 There is also some evidence that Cesarean
rates are higher at hospitals with an interventionist approach to obstetric care (e.g., early labor
admission during the latent phase of labor, routine placement of IV line, performing complete
blood work for all maternity patients, and prohibiting eating during labor in low-risk
women).18,19 However, mixed findings have been reported for other hospital attributes, including
caseload,17,20,21 teaching status,17,18,20,22-24 models of obstetric care (i.e., private practice models
with obstetric care providers on call vs. laborist models with providers who work in shifts),25-29
and staffing by midwives.18,30,31 In addition, past research on hospital-level variation in Cesarean
delivery has been inconsistent in reporting the variation associated with hospitals (i.e., general
contextual effects) and the association of specific hospital characteristics with Cesarean delivery
(i.e., specific contextual effects).32 Past research also has not examined whether general and
specific contextual effects differ by maternal race/ethnicity. Accordingly, this study aimed to
examine general (i.e., hospital-level variance) and specific (i.e., effects associated with hospital
characteristics) contextual effects associated with Cesarean delivery at NYC hospitals, overall
and by maternal race/ethnicity.
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MATERIALS AND METHODS

Data sources

We used birth certificate data for the years 2015 to 2017 for deliveries occurring at all 39
hospitals in NYC providing maternity care during this period. Birth certificate data were
obtained from the NYC Department of Health and Mental Hygiene’s Bureau of Vital Statistics
(BVS) and linked with data on selected hospital attributes, including hospital
ownership/administration and teaching status. Linkage was performed by the BVS, and data
were stripped of all patient and hospital identifiers prior to use. The study was approved as nonhuman subjects research by the City University of New York (CUNY) Graduate School of
Public Health’s Institutional Review Board (IRB).

Study population

Of 359,053 births occurring from 2015 to 2017 at NYC hospitals, we included women with lowrisk pregnancies, whose self-reported race/ethnicity was non-Hispanic White, non-Hispanic
Black, Asian/Pacific Islander, or Hispanic (hereafter referred to as White, Black, Asian and
Hispanic). Low-risk pregnancies were defined as nulliparous, term (≥37-41 weeks gestation),
singleton pregnancies in vertex presentation (NTSV).33,34 Women with no record of prior
delivery were considered nulliparous. A clinical estimate of gestational age, as recorded on the
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NYC birth certificate, was used to identify term pregnancies, with gestational age based on last
menstrual period used for births missing a clinical estimate of gestational age.

Non-NTSV births, post-date (gestational age ≥42 weeks) pregnancies, and non-NYC-hospital
births (i.e., home births and births in free-standing birth centers or hospitals outside NYC) were
ineligible for inclusion (N=226,124; Figure 1). Births of unknown parity, gestational age, or
presentation (N=813, 0.6%) were excluded, along with 4,667 (3.5%) births to women with
unknown or “other” race/ethnicity, unknown nativity, or missing data related to maternal age,
pre-pregnancy BMI, education level, or insurance type. These exclusions yielded an analytical
sample of 127,449 pregnancies distributed across 39 hospitals (median births per hospital: 1717
births per year, range: 176 -3365).

Individual-level variables

The primary outcome was Cesarean delivery, as recorded on the birth certificate (yes or no).
Maternal race/ethnicity—derived from self-reported data on maternal race (e.g., White, Black,
Asian, etc.) and ethnicity (i.e., Hispanic or non-Hispanic ancestry) in NYC birth records, which
are then combined—was treated as the exposure of interest.

Other individual-level covariates were chosen based on their relationship to the outcome of
interest, biologic plausibility, and prior research,6,7,35-45 including maternal age; gestational age;
maternal education (categorized as high school diploma or less vs. more than high school);
insurance type (public/government health insurance or no insurance, vs. private health
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insurance); nativity (U.S., vs. foreign born); pre-pregnancy BMI (categorized using standard
BMI cut-offs of underweight: BMI <18.5; normal weight: BMI 18.5–24.9; overweight: BMI
25.0–29.9; and obese BMI >30.0) and the presence of maternal, fetal or obstetric risks, including
hypertension, diabetes, amniotic fluid disorders, placental disorders, anemia and
hemoglobinopathy, cardiac disease, other chronic conditions, or absolute Cesarean indications
(e.g., placenta previa or herpes simplex virus).

Hospital-level covariates

Hospital attributes were selected based on prior research.7,17,22-24 Information on hospital
ownership/administration (i.e., public vs. private) and teaching status were compiled from the
American Hospital Directory.46 Variables related to other hospital attributes (e.g., volume of
deliveries and orientation of delivery care) were derived directly from the birth certificate data.
To describe the volume of deliveries, we aggregated the number of births in each year, and then
categorized hospital delivery volume based on the median for analytical purposes. To describe
the orientation of delivery care, we calculated the proportion of births attended by a midwife
based on a birth certificate field denoting delivery attendant, and categorized hospitals based on
the median. Similarly, we derived variables related to an interventionist approach to labor and
delivery by identifying births with signs of early labor admission (i.e., admission before 39
weeks and labor induction without indication with no record of labor onset or premature rupture
of the membranes) and births with non-medically indicated labor induction or with labor
induction in the presence of contraindications. We calculated the proportion of births at each
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hospital with features of an interventionist approach to care, and then categorized hospitals as
low or high based on the median.

Statistical analysis

We used descriptive statistics to summarize the characteristics of women with low-risk, NTSV
deliveries in NYC from 2015 to 2017, overall, and by maternal race/ethnicity, using means and
95% confidence intervals to describe continuous variables and frequencies and proportions to
describe categorical variables.

A multilevel logistic regression model with a random hospital-specific intercept was used to
examine the association between maternal race/ethnicity and Cesarean delivery, controlling for
maternal and hospital characteristics. We followed a stepwise approach, suggested by Merlo et
al.,47 first fitting a standard individual-level logistic model (Model 1), then using a multilevel
logistic model that controlled for maternal characteristics and clustering within hospitals (Model
2), and lastly controlling for individual-level and hospital characteristics (Model 3). To examine
model fit, differences in the -2 log likelihood values for nested models were assessed using Chi
squared tests.48

To examine the influence of site of delivery on women’s risk of Cesarean delivery, or the general
contextual effects,32,47,49 we estimated hospital-level variance in Cesarean delivery in an empty
model (i.e., model adjusted for hospital clustering only, with no covariates) and the proportional
change in variance (PCV) with adjustment for maternal (Model 2) and maternal and hospital
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characteristics (Model 3). The intraclass correlation coefficient (ICC) was estimated based on the
latent response formulation of the multilevel logistic regression model.47,49,50 We also estimated
the median odds ratio (MOR) to quantify the increased odds of Cesarean delivery at a hospital
with higher propensity for Cesarean delivery. Additionally, to assess the predictive ability gained
in models that accounted for hospital effects, we compared the area under the receiver-operator
curve (AUC) for our multilevel model to that of the single-level model that did not account for
clustering of births within hospitals.47 To examine specific contextual effects operating at the
hospital level, we estimated contextual odds ratios for each hospital attribute, controlling for
maternal characteristics, along with the 80% interval odds ratio (IOR) and the proportion of
opposed odds ratios (POOR).32,47,49,51,52

To explore differences by maternal race/ethnicity, we estimated hospital-level variance in
Cesarean delivery for each race/ethnicity group, along with general and specific contextual
effects.

All data management and statistical analyses were performed in SAS 9.4 (SAS Institute, Cary,
NC).

RESULTS

There were 127,449 women with NTSV deliveries between 2015 and 2017 at 39 NYC hospitals,
including 45,709 (35.9%) to White women, 22,430 (17.6%) to Black women, 25,275 (19.8%) to
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Asian women, and 34,035 (26.7%) to Hispanic women (Table 1). The mean gestational age at
delivery was 39.3 weeks.

Marked racial/ethnic differences in parturients’ socio-demographic characteristics (e.g., age,
education, insurance type, and nativity) and health status (e.g., pre-pregnancy BMI and the
presence of maternal, fetal, and obstetric risks) were observed. Overall, White women and Asian
women were older, were more likely to have attended college or earned a degree and have
private health insurance compared with Black and Hispanic women. Almost half of the women
delivering at NYC hospitals were foreign born, including 31.4% of White women, 39.5% of
Black women, 85.9% of Asian women and 48.9% of Hispanic women.

One-third of women were either overweight (21.2%) or obese (13.0%), with overweight/obesity
most prevalent among Black (53.1%) and Hispanic (46.2%) women, compared with White
(24.3%) and Asian (19.1%) women. More than one-third (39.5%) of women had at least one
obstetric, fetal or maternal risk recorded on the birth certificate, with such risks more prevalent
among Black and Hispanic women, compared with White and Asian women. Overall, 27.8% of
births were delivered by Cesarean, including 25.3% among White women, 33.6% among Black
women, 27.3% among Asian women, and 27.7% among Hispanic women.

Unadjusted hospital Cesarean rates ranged from 14.9% of all deliveries to women with low-risk
pregnancies to 42.5% (Figure 2). The majority of women delivered at private/voluntary hospitals
and teaching hospitals, reflecting the types of hospitals across NYC. White (97.0%) and Asian
(91.1%) women were more likely than Black (71.2%) and Hispanic (80.3%) women to deliver at
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private hospitals. White and Asian women were also more likely to deliver at teaching hospitals
(87.1% and 72.6%, respectively) than Black and Hispanic women (51.5% and 53.7%,
respectively).

The majority of White women (73.2%) delivered at hospitals with a high volume of deliveries,
compared with 43.9% of Asian women, 35.7% of Black women and 35.6% of Hispanic women.
Black women were more likely than White, Asian, and Hispanic women to deliver at hospitals
with an interventionist approach to delivery care, and they were less likely to deliver at hospitals
where the proportion of births attended by licensed midwives was above the median.

Table 2 presents the results of multilevel regression models that adjusted for maternal factors
only (Model 1), maternal factors and clustering within hospitals (Model 2), and maternal and
hospital characteristics (Model 3). Controlling for maternal factors only (Model 1), the odds of
Cesarean delivery (Model 1) were 1.56 times higher among Black women (95% CI: 1.51-1.63),
1.21 times higher among Asian women (95% CI: 1.16 - 1.26), and 1.29 times higher among
Hispanic women (95% CI: 1.24 - 1.34), compared with White women. With adjustment for
hospital (Model 2) and hospital characteristics (Model 3), the odds of Cesarean delivery among
Black women did not change. In contrast, adjustment for hospital characteristics increased the
odds of Cesarean delivery among Asian (AOR: 1.25; 95% CI: 1.20 - 1.31) and Hispanic women
(AOR: 1.36; 95% CI: 1.31 - 1.42) relative to White women, compared with models adjusting
only for maternal characteristics.
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The overall general contextual or hospital effect on Cesarean delivery was small; the variance for
the empty model was 0.062, and the ICC indicated that the proportion of variance in Cesarean
delivery between hospitals was 1.8%. While deviance tests showed improvements in model fit
with adjustment for maternal characteristics and clustering within hospitals (Model 2) and
additionally for hospital characteristics (Model 3), AUC estimates showed little improvement in
the discriminatory ability of these models, compared with a single-level regression model.
Adjustment for maternal characteristics (Model 2) increased hospital-level variance in Cesarean
delivery, indicating that the empty model masked some of the true variation among hospitals.53
Further adjustment for maternal and hospital characteristics (Model 3) slightly decreased
hospital-level variance, compared with Model 2 (proportional change in variance [PCV] 14.9%).
While the ICC remained small (2.4%), indicating little hospital clustering of Cesarean delivery,
the MOR was moderate (1.31; 95% CI: 1.25 - 1.42), suggesting that the odds of Cesarean
delivery would be 31% higher for a woman switching from a hospital with a lower propensity for
Cesarean delivery to one with a higher propensity for Cesarean delivery.

The odds of Cesarean birth were significantly lower at teaching hospitals (Adjusted OR: 0.67;
95% CI: 0.54 - 0.84). However, the 80% IOR ranged from 0.40 to 1.13 for teaching hospitals,
indicating heterogeneity in the odds of Cesarean delivery across teaching hospitals. The POOR
was 16.4%, meaning that in 16% of pairwise comparisons, the odds of Cesarean delivery would
be higher at teaching hospitals. Controlling for maternal and other hospital characteristics, the
odds of Cesarean delivery were higher at high-volume hospitals (AOR: 1.26; 95% CI: 1.12 1.42) and lower at public hospitals (AOR: 0.80; 95% CI:0.64 - 0.99) and hospitals with a higher
proportion of deliveries attended by licensed midwives (AOR: 0.86; 95% CI: 0.79 - 0.94).
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However, the 80% IORs included the null value of 1 for each of these specific contextual effects,
indicating considerable residual variation between hospitals not accounted for by maternal or
hospital characteristics in our model. Similarly, the POOR estimates were high, ranging from
28.2% (high-volume hospitals) to 35.5% (higher proportion of births attended by licensed
midwives), indicating that in a substantial proportion of pairwise comparisons, the odds of
Cesarean delivery would be in the opposite direction. Cesarean delivery was not significantly
associated with an interventionist approach to obstetric care.

In empty models stratified by maternal race/ethnicity, between-hospital-variance was higher
among White women (0.105; 95% CI: 0.065 - 0.202) than Black (052; 95% CI: 0.031 - 0.102),
Asian (0.047; 95% CI: 0.027 - 0.101) and Hispanic women (0.071; 95% CI: 0.045 - 0.127)
(Table 3). Compared with our empty model, adjustment for maternal and hospital characteristics
resulted in a decrease in hospital variation in Cesarean delivery among White women (variance
0.075 vs. 0.105), but not among any other group. Compared with models adjusted for maternal
factors and clustering within hospitals (Model 2), adjustment for hospital characteristics (Model
3) substantially reduced hospital-level variance among White and Asian women (PCV 51.2%
and 29.6%, respectively), with little change among Black and Hispanic women (5.6% and
17.1%, respectively).

Specific contextual effects associated with Cesarean delivery also differed by maternal
race/ethnicity, with delivery in a teaching hospital being protective for White women (AOR:
0.51; 95% CI: 0.39 - 0.66; 80% IOR: 0.31 - 0.84, and POOR 4.0%) and Asian women (AOR:
0.62; 95% CI: 0.48 - 0.80; 80% IOR: 0.41 - 0.94; and POOR 7.1%). While the specific
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contextual effect of teaching hospitals also appeared protective against Cesarean delivery for
Hispanic women (AOR: 0.73; 95%: 0.58 - 0.92), the 80% IOR contained 1 and the POOR was
21.5%. None of the hospital characteristics were significantly associated with Cesarean risks for
Black women. Hospital ownership/administration, delivery volume, and a higher proportion of
deliveries attended by midwives were not consistently associated with Cesarean delivery for any
group, and the 80% IORs and POOR estimates showed substantial heterogeneity in the
association of these factors with Cesarean delivery.

DISCUSSION

Consistent with previous research in NYC54,55 and elsewhere in the U.S.,56-59 we found marked
racial/ethnic disparities in Cesarean delivery among women with low-risk pregnancies. These
disparities were not attenuated with adjustment for site of delivery or hospital characteristics.
Overall, the general contextual effect of hospitals on Cesarean delivery was small, and
adjustment for maternal and hospital characteristics did not reduce hospital-level variance in
Cesarean delivery, indicating that among women with low-risk births, there is little variation
between hospitals, after taking hospital case mix into account.

Some research has suggested that racial/ethnic disparities in maternal morbidity in NYC reflect
clustering of births among Black and Hispanic women in hospitals with worse pregnancy
outcomes.4,5,16 We found little evidence that hospital-level clustering of births contributes to
disparities in Cesarean delivery. Our findings are consistent with other research showing that
maternal risks and diagnoses do not adequately explain hospital-level variation in Cesarean
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delivery.21,60,61 Similarly, other research has reported conflicting findings on the association of
Cesarean delivery with hospital characteristics such as public/private ownership,7,17 teaching
status,17,18,22-24 and delivery caseloads or patient-provider ratios.17,20,21 In examining all NTSV
births, we did not find that these factors were consistently associated with Cesarean delivery, as
80% IORs for all hospital characteristics included the null value of 1, and a substantial
proportion of pairwise comparisons were opposite to the overall estimates for the specific
contextual effects examined. While other research has found that Cesarean rates are positively
associated with a range of admission and labor practices that reflect an interventionist approach
to obstetric care,18,19 our study did not.

To our knowledge, no other studies of racial/ethnic disparities in Cesarean delivery have
quantified hospital-level variance in Cesarean by maternal race/ethnicity or examined specific
contextual effects of hospital characteristics by maternal race/ethnicity. We found that that
among White women in NYC, hospital variation in Cesarean delivery is partly accounted for by
case mix and hospital-level factors, suggesting that—all else equal—choice of hospital for
delivery may mitigate risks of Cesarean delivery for these women. In contrast, for Black, Asian
and Hispanic women, case mix and hospital characteristics explain little hospital-level variation
in Cesarean delivery.

While the overall proportion of variation in Cesarean delivery explained by hospital-level factors
was low, these results should not be construed as indicating that maternal factors adequately
explain risks of Cesarean delivery or racial/ethnic disparities in Cesarean delivery. In our fully
adjusted models, the AUC estimates were moderate, with maternal and hospital characteristics
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correctly predicting method of delivery approximately 70% of the time. While we controlled for
a range of maternal characteristics, including maternal, fetal, and obstetric risks that are
commonly treated as confounders of Cesarean delivery, it is possible that there are other
unmeasured characteristics among parturients that strongly influence Cesarean risks, which we
were unable to control for.

It is also possible that substantial variation in Cesarean delivery is clustered at the level of
maternity care providers within hospitals and that our low estimates of hospital-level variance
mask substantial variation operating at the provider level. Other empirical research has shown
that substantial variation at the level of an omitted intermediate-level unit can be obscured by
estimates of variance at a higher-level unit and that the omission of an intermediate level can
lead to biased parameter estimates and incorrect conclusions about cross-level effects.62,63
Accordingly, it is possible that maternity care providers are an important intermediate—and
omitted—level of variation in Cesarean delivery. Variation in Cesarean delivery at the provider
level would be consistent with an increasing body of literature suggestive of implicit bias
operating within the provision of obstetric care, which may contribute to persistent disparities in
pregnancy outcomes.59,64-70 Our findings that delivery at teaching hospitals was associated with
reduced odds of Cesarean delivery among White and Asian women, but not among Black or
Hispanic women raises questions about implicit bias operating at the provider level, and further
research at such hospitals might be useful in uncovering practices and processes of care
contributing to these differences.
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A limitation of our study is that there is little detailed information available about hospital
characteristics that may influence delivery care—e.g., staffing models, labor and delivery
protocols, malpractice insurance rates, involvement in quality improvement collaboratives, etc.
Our ability to derive variables reflective of hospital-level orientation to delivery management
was largely limited to information recorded in birth certificate data, which may not be adequate
for identifying hospitals with a more interventionist approach to labor management and delivery.
In addition, while New York City has a large number of birthing hospitals and a sizable and
diverse population compared with most U.S. cities, our ability to detect hospital-level effects for
a binary outcome may have been limited, given that the number of hospitals in our study was just
below the minimum number of units/clusters recommended by Schoeneberger et al. when
intercept variances are small.71

A further limitation is that birth certificate data may be incomplete, and documentation of
maternal risks and procedures during labor and delivery may be inconsistent. While studies
comparing birth certificate data against hospital medical records and/or maternal self-report have
found high agreement for socio-demographic characteristics, parity, gestational age,
presentation, method of delivery, and insurance coverage, low levels of concordance have been
reported for pregnancy risk factors, complications during labor and delivery, and procedures
during labor, such as labor augmentation and labor induction.72-74 The accuracy and
completeness of birth certificate data have also been found to vary across hospitals in New York
City.72 Accordingly, it is possible that maternal information and delivery characteristics are
better recorded for some women than others, and these differences may be associated with sociodemographic characteristics, such as race/ethnicity and/or socio-economic status. While it is
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possible that maternal, fetal and obstetric risks are less well documented for Black, Asian and
Hispanic women compared with White women, the prevalence of such risks appeared to be
generally comparable across population groups, suggesting that the risk of bias due to differential
misclassification is low.

Several strengths of our study are also worth noting. We had a large sample of births among a
diverse population, allowing us to stratify by maternal race/ethnicity to explore how hospitallevel variation, along with general and specific contextual effects, differed across groups.
Although multilevel analysis has been extensively used in studying neighborhood effects on
health in the U.S., relatively few studies5,17,21,60,61,75,76 have used multilevel models to explore and
quantify the variation in obstetric care, and only a handful have examined NTSV Cesarean
delivery specifically.17,60,61 Previous studies have not assessed the extent to which hospital-level
variation in Cesarean delivery differs by maternal race/ethnicity. In addition, our study provides
a more in-depth examination of hospital variation in Cesarean delivery; in investigating both
general and specific contextual effects through the use of measures such as the MOR, 80% IOR
and POOR, this study provides important information about the heterogeneity of hospital-level
effects, particularly as adjusted contextual odds ratios have been shown, paradoxically, to
overestimate the importance of specific contextual effects when the general contextual effect is
small.32,47,49

CONCLUSION
Our findings confirm that excess risk for Cesarean delivery among Black, Asian and Hispanic
women is not well explained by hospital of delivery. Further research to quantify the level of
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variation explained at the provider level and identify interventions for reducing avoidable
Cesareans among women with low-risk pregnancies would provide important insights for
understanding and addressing racial/ethnic disparities in Cesarean delivery.
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TABLES AND FIGURES
Figure 1. Flow chart for inclusion of births
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Figure 2. Proportion of deliveries by Cesarean section at New York City hospitals (20152017)
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Table 1. Maternal and hospital characteristics for NTSV deliveries at NYC hospitals, 2015-2017
Maternal characteristic
Mean maternal age in
years (95% CI)
Mean gestational age in
Weeks (95% CI)
Education – n (%)
Less than high school
High school graduate or
GED
Some college
College degree or higher
Insurance – n (%)
Public/government health
insurance
Private insurance
Self-pay, other or
unknown insurance
Nativity – n (%)
Foreign-born
US-born
Pre-pregnancy BMI – n
(%)
Underweight (<18.5)
Normal weight (18.5–
24.9)
Overweight (25.0–29.9)
Obese/Morbid obesity
(>30.0)
Any maternal, fetal, or
obstetric risk – n (%)
Hypertensive disorders
(PIH, eclampsia, prepregnancy hypertension)
Diabetes (diabetes
mellitus, gestational
diabetes)
Amniotic disorders
(chorioamnionitis,
oligohydramnios, etc.)
Placental disorders
Anemia and
hemoglobinopathy
Asthma/Chronic lung
disease
Other chronic conditions
Cardiac disease
Absolute Cesarean
indication
Mode of delivery – n (%)
Vaginal
Cesarean

White
N=45,709
(35.9%)
30.7
(30.7 - 30.8)
39.4
(39.4 - 39.4)

All NTSV births
Black
N=22,430
(17.6%)
26.8
(26.8 - 26.9)
39.2
(39.2 - 39.2)

Asian
N=25,275
(19.8%)
29.7
(29.7 - 29.8)
39.2
(39.1 - 39.2)

Hispanic
N=34,035
(26.7%)
25.9
(25.8 - 26)
39.2
(39.2 - 39.3)

15241 (12.0)

1669 (3.7)

2939 (13.1)

2880 (11.4)

7753 (22.8)

23026 (18.1)
28250 (22.2)
60932 (47.8)

5074 (11.1)
5829 (12.8)
33137 (72.5)

5714 (25.5)
7511 (33.5)
6266 (27.9)

4133 (16.4)
4353 (17.2)
13909 (55)

8105 (23.8)
10557 (31.0)
7620 (22.4)

64885 (50.9)
60903 (47.8)

11713 (25.6)
33612 (73.5)

14968 (66.7)
6978 (31.1)

13223 (52.3)
11667 (46.2)

24981 (73.4)
8646 (25.4)

1661 (1.3)

384 (0.8)

484 (2.2)

385 (1.5)

408 (1.2)

61559 (48.3)
65890 (51.7)

14356 (31.4)
31353 (68.6)

8859 (39.5)
13571 (60.5)

21710 (85.9)
3565 (14.1)

16634 (48.9)
17401 (51.1)

8644 (6.8)

2836 (6.2)

1012 (4.5)

3317 (13.1)

1479 (4.3)

75177 (59.0)
27055 (21.2)

31749 (69.5)
7688 (16.8)

9506 (42.4)
6339 (28.3)

17112 (67.7)
3722 (14.7)

16810 (49.4)
9306 (27.3)

16573 (13.0)

3436 (7.5)

5573 (24.8)

1124 (4.4)

6440 (18.9)

50400 (39.5)
11017 (8.6)

13705 (30.0)
3078 (6.7)

11517 (51.3)
2910 (13)

9321 (36.9)
1400 (5.5)

15857 (46.6)
3629 (10.7)

9223 (7.2)

2224 (4.9)

1457 (6.5)

3456 (13.7)

2086 (6.1)

11192 (8.8)

2788 (6.1)

1839 (8.2)

2858 (11.3)

3707 (10.9)

652 (0.5)

199 (0.4)

128 (0.6)

159 (0.6)

166 (0.5)

8344 (6.5)

2187 (4.8)

1982 (8.8)

1660 (6.6)

2515 (7.4)

4581 (3.6)
3454 (2.7)
439 (0.3)

1019 (2.2)
1557 (3.4)
172 (0.4)

1290 (5.8)
607 (2.7)
87 (0.4)

353 (1.4)
572 (2.3)
59 (0.2)

1919 (5.6)
718 (2.1)
121 (0.4)

3979 (3.1)

1101 (2.4)

1170 (5.2)

435 (1.7)

1273 (3.7)

92050 (72.2)
35399 (27.8)

34157 (74.7)
11552 (25.3)

14904 (66.4)
7526 (33.6)

18376 (72.7)
6899 (27.3)

24613 (72.3)
9422 (27.7)

All women
N=127,449
28.5
(28.5 - 28.6)
39.3
(39.3 - 39.3)
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Table 1. Maternal and hospital characteristics for NTSV deliveries at NYC hospitals, 2015-2017 (continued)
White
Black
Asian
Hispanic
Hospital characteristic
All women
N=45,709
N=22,430
N=25,275
N=34,035
N=127,449
(35.9%)
(17.6%)
(19.8%)
(26.7%)
Mean hospital % of
27.8 (27.7 27.9 (27.8 28.8 (28.8 27.2 (27.2 27.4 (27.3 deliveries by Cesarean
2.78)
27.9)
28.9)
27.3)
27.4)
(95% CI)
Hospital ownership – n
(%)
110637 (86.8)
44317 (97.0)
15974 (71.2)
23020 (91.1)
27326 (80.3)
Private (N=27)
16812
(13.2)
1392
(3.0)
6456
(28.8)
2255
(8.9)
6709 (19.7)
Government/public (N=12)
Teaching status – n (%)
39437 (30.9)
5887 (12.9)
10874 (48.5)
6917 (27.4)
15759 (46.3)
Not teaching (N=16)
88012 (69.1)
39822 (87.1)
11556 (51.5)
18358 (72.6)
18276 (53.7)
Teaching hospital (N=23)
Delivery volume – n (%)
Below median (176-1717
65141 (51.1)
12265 (26.8)
14420 (64.3)
14168 (56.1)
24288 (71.4)
births/year) (N=29)
Above median (1718-3365
62308 (48.9)
33444 (73.2)
8010 (35.7)
11107 (43.9)
9747 (28.6)
births/year) (N=10)
Births attended by nursemidwife – n (%)
Below median (0% - 0.5%
63390 (49.7)
21306 (46.6)
12378 (55.2)
11989 (47.4)
17717 (52.1)
of births) (N=14)
Above median (0.6% 64059 (50.3)
24403 (53.4)
10052 (44.8)
13286 (52.6)
16318 (47.9)
72.5% of births) (N=25)
Interventionist deliveries
– n (%)
Below median (1.3% 62686 (49.2)
23147 (50.6)
9906 (44.2)
12935 (51.2)
16698 (49.1)
17.2% of births) (N=15)
Above median (17.3% 64763 (50.8)
22562 (49.4)
12524 (55.8)
12340 (48.8)
17337 (50.9)
48.2% of births) (N=24)
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Table 2. Multilevel logistic regression analysis of Cesarean delivery among women with NTSV births at New York
City hospitals, 2015-2017
Model 1
Model 2
Model 3
Characteristic
AOR
AOR
AOR
Maternal race/ethnicity (95% CI) a
White (reference)
Black
1.56 (1.50 - 1.63)
1.57 (1.50 - 1.64)
1.57 (1.50 - 1.64)
Asian
1.21 (1.16 - 1.26)
1.25 (1.20 - 1.31)
1.25 (1.20 - 1.31)
Hispanic
1.29 (1.24 - 1.34)
1.37 (1.31 - 1.42)
1.36 (1.31 - 1.42)
b
General Contextual effects
Hospital variance (95% CI)
0.095 (0.063 - 0.16) 0.081 (0.054 - 0.135)
PCV with adjustment for hospital characteristics
reference
14.9%
ICC (%)
2.82
2.41
MOR (95% CI)
1.34 (1.27 - 1.46)
1.31 (1.25 - 1.42)
AUC with adjustment for maternal and hospital
0.676 (0.673 0.690 (0.687 characteristics
0.679)
0.693)
0.690 (0.687 - 0.693)
c
Change in AUC with adjustment for hospital
reference
0.0135
0.0136
Specific contextual average effects (95% CI)
Hospital ownership/administration - public vs. private
0.80 (0.64 - 0.99)
80% IOR
0.48 - 1.33
POOR (%)
28.6
Teaching status (teaching vs. non-teaching)
0.67 (0.54 - 0.84)
80% IOR
0.40 - 1.13
POOR (%)
16.4
Delivery volume (above vs. below median)
1.26 (1.12 - 1.42)
80% IOR
0.75 - 2.11
POOR (%)
28.2
Births attended by nurse-midwife (above vs. below
median)
0.86 (0.79 - 0.94)
80% IOR
0.51 - 1.44
POOR (%)
35.5
Births in labor interventionist hospital (above vs.
below median)
1.02 (0.97 - 1.07)
80% IOR
0.61 - 1.71
POOR (%)
47.9
Model fit
-2 log likelihood
140548.13
139016.9d
138940.5d
AOR: Adjusted odds ratios; AUC: Area under receiver-operator curve; CI: Confidence interval; IOR Interval Odds Ratio;
ICC: Intraclass correlation coefficient; MOR: Median odds ratio; PCV: Proportional change in variance with adjustment
for hospital characteristics in addition to maternal characteristics and clustering within hospitals; POOR: Proportion of
opposing odds ratios.
a
Model 1: Adjustment for individual-level characteristics: maternal age, gestational age, pre-pregnancy body mass index,
education, insurance type, nativity, and maternal, fetal, and obstetric risks (i.e., hypertension, diabetes, anemia or other
blood disorders, amniotic disorders, placental disorders, cardiac disease, other chronic conditions, and absolute indications
for Cesarean delivery). Model 2: Adjustment for individual-level characteristics and clustering within hospitals. Model 3:
Adjustment for individual-level and hospital-level characteristics.
b
Empty model: Hospital variance: 0.06169; ICC 1.8%; MOR: 1.27 (1.23 - 1.30).
c
Change relative to AUC for individual-level model.
d
Likelihood ratio test significant
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Table 3. General and specific contextual effects of hospitals on odds of Cesarean delivery by maternal race/ethnicity, New York City hospitals, 2015-2017
White
Black
Asian
Hispanic
General Contextual effects (95% CI)
0.105 (0.065 - 0.202) 0.052 (0.031 - 0.102)
0.047 (0.027 - 0.101)
0.071 (0.045 - 0.127)
Hospital variance – empty model
0.154 (0.094 - 0.298) 0.079 (0.049 - 0.148)
0.075 (0.044 - 0.156)
0.097 (0.062 - 0.174)
Hospital variance with adjustment for maternal characteristicsa
Hospital variance with adjustment for maternal and hospital
0.075 (0.043 - 0.167)
0.075 (0.047 - 0.14)
0.052 (0.03 - 0.112)
0.081 (0.05 - 0.149)
b
characteristics
51.2%
5.6%
29.6%
17.1%
PCV with adjustment for hospital characteristicsc
b
2.2
(1.3
4.8)
2.2
(1.4
4.1)
1.6
(0.9
3.3)
2.4
(1.5 - 4.3)
ICC (%)
b
1.30 (1.22 - 1.48)
1.30 (1.23 - 1.43)
1.24 (1.18 - 1.38)
1.31 (1.24 - 1.45)
MOR
AUC in individual-level model, adjusted for maternal
0.681 (0.676 - 0.687) 0.663 (0.655 - 0.670)
0.672 (0.665 - 0.680)
0.677 (0.671 - 0.683)
characteristicsa
0.700 (0.695 - 0.706) 0.676 (0.669 - 0.684)
0.686 (0.679 - 0.693)
0.691 (0.685 - 0.697)
AUC with adjustment for maternal and hospital characteristicsb
0.019 (0.019 - 0.019) 0.014 (0.013 - 0.014)
0.013 (0.013 - 0.013)
0.014 (0.014 - 0.014)
AUC changec
Specific contextual average effects (95% CI)
0.66 (0.49 - 0.90)
0.81 (0.64 - 1.02)
0.83 (0.64 - 1.08)
0.79 (0.62 - 1.00)
Hospital ownership/ administration - public vs. private
0.40
1.09
0.49
1.33
0.55
1.26
0.47 - 1.32
80% IOR
14.4
29.2
28.5
28.0
POOR (%)
0.51
(0.39
0.66)
0.81
(0.64
1.04)
0.62
(0.48
0.80)
0.73
(0.58
- 0.92)
Teaching status (teaching vs. non-teaching)
0.31 - 0.84
0.50 - 1.33
0.41 - 0.94
0.44 - 1.22
80% IOR
4.0
29.6
7.1
21.5
POOR (%)
1.14 (0.95 - 1.37)
1.16 (0.92 - 1.47)
1.25 (1.00 - 1.57)
1.30 (1.10 - 1.55)
Delivery volume (above vs. below median)
0.69 - 1.88
0.71 - 1.91
0.83 - 1.90
0.78 - 2.18
80% IOR
36.7
34.9
24.2
25.4
POOR (%)
0.83 (0.70 - 0.98)
0.93 (0.83 - 1.06)
0.97 (0.81 - 1.15)
0.91 (0.81 - 1.04)
Births attended by nurse-midwife (above vs. below median)
0.50 - 1.36
0.57 - 1.53
0.64 - 1.46
0.55 - 1.53
80% IOR
31.2
43.1
45.9
41.2
POOR (%)
1.05
(0.96
1.14)
0.97
(0.87
1.08)
1.10
(1.01
1.20)
0.99
(0.91
- 1.08)
Births in labor interventionist hospital (above vs. below median)
0.64 - 1.72
0.59 - 1.59
0.73 - 1.67
0.59 - 1.66
80% IOR
45.3
46.7
38.4
49.1
POOR (%)
AOR: Adjusted odds ratios; AUC: Area under receiver-operator curve; CI: Confidence interval; IOR Interval Odds Ratio; ICC: Intraclass correlation coefficient; MOR: Median
odds ratio; PCV: Proportional change in variance with adjustment for hospital characteristics in addition to maternal characteristics and clustering within hospitals; POOR:
Proportion of opposing odds ratios.
a
Model 2: Adjustment for maternal age, gestational age, pre-pregnancy body mass index, education, insurance type, nativity, and maternal, fetal, and obstetric risks (i.e.,
hypertension, diabetes, anemia or other blood disorders, amniotic disorders, placental disorders, cardiac disease, other chronic conditions, and absolute indications for Cesarean
delivery).
b
Model 3: Adjustment for maternal and hospital characteristics.
c
Comparing Model 3 (adjustment for maternal and hospital characteristics) to Model 2 (adjustment for maternal characteristics only)
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CHAPTER 5: DISCUSSION

INTRODUCTION
While Cesarean delivery is a life-saving procedure when certain complications arise, it is
associated with increased risks of maternal mortality and morbidity, as well as neonatal and
childhood morbidities, and increased risks for women during subsequent pregnancies.1-5 With
33.7% of births by Cesarean in 2017,6 Cesarean rates in New York City (NYC) exceed levels at
which Cesarean delivery confers maternal, perinatal or neonatal benefits.7,8 In addition, there are
stark and persistent racial/ethnic disparities in Cesarean delivery in NYC—like the United States,
generally. At both public and private hospitals in NYC, non-Hispanic Black, Asian, and Hispanic
women are more likely to be delivered by Cesarean section, even when controlling for
pregnancy-related risks and other medical complications.9,10
Given the attendant risks of Cesarean delivery, racial/ethnic disparities in mode of delivery
raise concerns about overuse of the procedure and the contribution of potentially avoidable
Cesareans to disparities in maternal mortality and morbidity. Non-Hispanic Black women in
NYC are eight times more likely than non-Hispanic White women to die from pregnancy-related
causes, and maternal mortality is approximately two times higher among Hispanic women and
Asian women, compared with non-Hispanic White women.11 Non-Hispanic Black, Hispanic, and
Asian women in NYC also experience higher rates of maternal morbidity.12-14 Similar disparities
are found nationally in the U.S., with a recent analysis of national birth certificate data for 20112015 reporting that Non-Hispanic Black women were more than three times as likely to die of
pregnancy-related causes than Non-Hispanic White women even though there were no
differences in the distribution of preventable causes of maternal mortality.15
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Research has shown wide variation between providers and hospitals in rates of obstetric
interventions—variation that is not explained by case mix or patient preferences.16-20 Although
patient risks and clinical indications are expected to be the primary determinant of procedures
undertaken during labor and delivery,21,22 unexplained differences in rates of obstetric
interventions have prompted questions about the role of implicit bias in the provision of obstetric
care, particularly as many indications for obstetric interventions, such as Cesarean delivery or
labor induction, lack clearly-defined criteria and are dependent on the interpretation of medical
providers and their judgement about thresholds for intervention.16,23 Lacking clearly-defined
thresholds and standards for intervention, obstetric care may be particularly vulnerable to the
phenomenon of statistical discrimination—i.e., the tendency of health care providers to make
diagnosis and treatment decisions based on probabilistic assumptions related to patient race,
rather than clinical indications and/or direct communication about patient preferences.24 The
possibility that providers may unconsciously manage labor differently, based on patient race, is
bolstered by findings from a recent hospital-based study that compared delivery outcomes among
491 women participating in a randomized trial of four labor induction methods to a comparison
group of 364 women with induced labors who had had declined to participate in the randomized
trial but consented to participate in the observational arm of the study. The study found lower
Black-White disparities in Cesarean delivery in the randomized trial group using a standardized
labor induction protocol, compared with the observational group receiving the standard of care
(i.e., labor induction without any standardized protocol).25
Understanding the extent to which racial/ethnic disparities in Cesarean delivery are
attributable to differences in care during labor is critical for addressing these disparities.
Accordingly, this dissertation focused on examining obstetric care among women with low-risk
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pregnancies in NYC with the aim of identifying potentially modifiable factors contributing to
racial/ethnic disparities in Cesarean delivery.

SUMMARY OF RESULTS
Using controlled interrupted time series analysis to examine 259,801 births at NYC hospitals
among nulliparous women with term singleton pregnancies in vertex presentation (NTSV)
between 2012 and 2017 (Aim 1), we found that the 2014 ACOG-SMFM recommendations on
reducing unnecessary primary Cesareans led to a small but significant decrease in Cesarean
delivery (risk ratio: 0.94; 95% CI: 0.92-0.97), with no change in the control series of nulliparous
women with pre-term, non-singleton pregnancies or non-vertex presentation births. The effect of
the ACOG-SMFM recommendations differed by maternal race/ethnicity, with decreases in agestandardized NTSV Cesarean rates observed among non-Hispanic White women (risk ratio:
0.93; 95% CI: 0.88-0.98) and Hispanic women (risk ratio: 0.92; 95% CI: 0.87-0.97), and no
change among non-Hispanic Black or Asian women. This analysis also showed significant
decreases in Cesareans for dystocia indications, a key focus of the ACOG-SMFM
recommendations, alongside an increase in Cesareans for non-reassuring fetal status, another
focus of the 2014 recommendations. Decreases in Cesareans were observed at minority- and
non-minority-serving hospitals, however, the overall decrease at minority-serving hospitals was
of marginal statistical significance (p=0.048). At non-minority-serving hospitals, statistically
significant decreases in Cearean rates were observed only among White women. Taken together,
these findings suggest that disparities between non-Hispanic Black and non-Hispanic White
women may worsen with time, and those between Hispanic and non-Hispanic White women will
not diminish.
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To elucidate possible mechanisms contributing to Cesarean disparities among women with
low-risk births (Aim 2), we examined whether the association between two labor management
practices—diagnosis of non-absolute Cesarean indications and non-medically indicated labor
induction at 39 weeks—and Cesarean delivery differed by maternal race/ethnicity and whether
differences in labor management explained excess Cesarean risks among non-Hispanic Black,
Asian, and Hispanic women. Overall, 27.4% of term births (N=259,801) and 28.3% of births at
39-41 weeks (N=200,128) were delivered by Cesarean section. Cesarean risks among those with
term births were significantly higher among non-Hispanic Black women (RR: 1.42; 95% CI:
1.39-1.45), Asian women (1.19; 1.17-1.21), and Hispanic women (1.25: 1.23-1.27) compared
with non-Hispanic White women, with similar disparities in deliveries at 39-41 weeks.
Consistent with previous research,26-28 we found that non-Hispanic Black, Asian and Hispanic
women were significantly more likely than non-Hispanic White women to be diagnosed with
non-absolute Cesarean indications, and these differences explained a substantial proportion of,
but not all, excess Cesarean risks—from approximately 14% among non-Hispanic Black women
to 50% among Asian and Hispanic women. Labor induction with no medical indication at 39
weeks was rare, and it was slightly more common among non-Hispanic Black, Asian and
Hispanic women compared with White women. While it was not significantly associated with
Cesarean delivery among non-Hispanic White women, non-medically indicated IOL at 39 weeks
was associated with reduced risks of Cesarean delivery among non-White women, and our
mediation analyses suggested that eliminating differences in non-medically indicated IOL would
increase excess relative risks of Cesarean delivery by almost 4% among non-Hispanic Black
women and 9% among Asian and Hispanic women, compared with non-Hispanic White women.
Finally, among 127,449 women with NTSV deliveries between 2015 and 2017, we examined
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variation in low-risk Cesarean rates across NYC hospitals among all women and by maternal
race/ethnicity, and we quantified the contribution of site of delivery and hospital characteristics
to Cesarean risks (Aim 3). In this subset of deliveries occuring in the post-ACOG-SMFM
recommendation period, controlling for maternal characteristics and clinical risks, as well as
hospital of delivery, the odds of Cesarean delivery were 1.60 times higher among non-Hispanic
Black women (95% CI: 1.53-1.67), 1.40 times higher among Hispanic women (95% CI: 1.34 1.46), and 1.26 times higher among Asian women (95% CI: 1.21 - 1.32), compared with nonHispanic White women. Overall, general contextual effects were small, indicating little betweenhospital variation after adjustment for maternal and hospital characteristics. Variation explained
by hospital characteristics and hospital characteristics associated with Cesarean delivery differed
by maternal race/ethnicity, with delivery in a teaching hospital reducing odds of Cesarean
delivery among non-Hispanic White and Asian women, but not among non-Hispanic Black or
Hispanic women.

IMPLICATIONS FOR POLICY AND PRACTICE
Findings from this research have implications for policy and practice. The observed
decreases in age-standardized NTSV Cesarean rates, overall, and in Cesareans for dystocia
indications provide encouraging evidence that primary Cesarean rates, and disparities in these
rates, may be modifiable through changes in labor management strategies, such as those
recommended by the ACOG and SMFM. At the same time, however, the lack of change in
overall Cesarean rates among non-Hispanic Black women or Cesareans for dystocia indications
among these women reinforce concerns about differential care by maternal race/ethnicity, as well
as the possibility that these disparities may continue to widen.
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The results from causal mediation analyses provide further support for ACOG’s 2014
recommendations for reducing unnecessary primary Cesareans—and particularly Cesareans for
non-absolute indications, as such indications appear to contribute to excess Cesarean risks
among non-Hispanic Black, Asian and Hispanic women. Our findings of a protective effect of
labor induction with no medical indication align with the findings of the 2018 ARRIVE trial—a
large randomized controlled trial which found that in NTSV deliveries, elective IOL at 39 weeks
reduced risks of Cesarean delivery, compared with expectant management of pregnancy (risk
ratio: 0.84; 95% CI: 0.76-0.93).29 At the same time, however, the fact that labor induction did not
reduce Cesarean risks among non-Hispanic White women in this study also raises the possibility
that the protective effect of labor induction is related to provider- and/or hospital-level
differences in labor management practices, support for vaginal delivery, or adherence to
standardized protocols for labor induction, as was shown protective against Cesarean delivery in
the recent single-hospital study cited above.25 These explanations could not be ruled out in the
ARRIVE trial because neither providers nor parturients were blinded to treatment assignment,
and management of labor and delivery was left to the determination of attending physicians. It is
therefore possible that IOL with no medical indication at 39 weeks in our study reflects the
orientation or quality of obstetric care and that non-Hispanic Black, Asian and Hispanic women
who were induced at 39 weeks with no medical indication received care that is more comparable
in quality to that received by most non-Hispanic White women. Accordingly, labor induction
with no medical indication may simply reflect obstetric care providers’ willingness to allow
maternity patients to attempt vaginal birth rather than delivering them by Cesarean section, either
precipitously or preemptively.
Findings from our our multilevel regression analysis indicate that there is little between-
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hospital variation in Cesarean rates after taking into account maternal attributes. However,
specific contextual effects differed by maternal race/ethnicity, with delivery in one of NYC’s
teaching hospitals reducing Cesarean risks for non-Hispanic White and Asian women, but not for
non-Hispanic Black or Hispanic women. These findings suggest that for non-Hispanic White and
Asian women, delivering in a teaching hospital may be protective against avoidable Cesarean
delivery. In contrast, for non-Hispanic Black and Hispanic women, risks of Cesarean delivery are
elevated across all hospitals, and changing hospital of delivery may not reduce risks of
potentially unnecessary Cesarean delivery.

LIMITATIONS
As discussed in relation to each of the study aims, this dissertation research had several
limitations. Birth certificate data may be incomplete, particularly for procedures such as labor
induction and for maternal conditions and complications during pregnancy, labor and delivery.
Past research comparing birth certificate data and hospital discharge data against medical records
has shown that while birth certificate data reliably capture information on method of delivery,
information on obsetetric procedures, such as labor augmentation and induction, as well as
complications during labor and delivery may be underreported.30-34 In addition, birth records
could potentially reflect providers’ post-hoc justifications of medical procedures undertaken for
reasons related to provider convenience or reimbursement considerations or provider tendencies
to make diagnosis and treatment decisions based on probabilistic assumptions related to patient
race/ethnicity, rather than actual clinical indications or patient preferences.24
A key challenge for all aims of the dissertation aims is that the accuracy and completeness of
birth-related records may reflect the the disparities in care that this study sought to explore.
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Without comparison to patient medical records or hospital discharge records, we could not assess
the completeness of birth certificate data or the extent to which completeness varied by maternal
race/ethnicity. However, it is possible that information on maternal risks and delivery
characteristics are better recorded for some women than others, and these differences may be
associated with socio-demographic characteristics, such as race/ethnicity and/or socio-economic
status. A prior multi-hospital study of induced labors, for example, found that non-White patients
were 1.4 to 2.4 times more likely to have no indication for induction recorded in their birth
records.35
The effect of differential misclassification of potential confounders (e.g., maternal risks and
delivery characteristics) is difficult to predict, as they could bias our estimates either toward or
away from the null. In contrast if there is differential misclassification of obstetric procedures,
such as labor induction, or indications for Cesarean delivery or labor induction, our estimates
may be biased toward the null if data are less complete for non-White women or at hospitals that
predominantly serve minorities. On the other hand, if implicit bias operating at the provider level
results in probabilistic diagnosis of such indications for non-White women, our estimates may be
biased upwards, with these indications appearing to be a more important mechanism contributing
to Cesarean disparities than they truly are.
While it is possible that Cesarean indications and other potential confounders are better
recorded for non-Hispanic White women than other women in this study, we did not see much
evidence of this in our data, as maternal, fetal, and obstetric risk factors appeared to be more
prevalent among non-Hispanic Black, Asian and Hispanic women, compared with non-Hispanic
White women. In addition, the proportion of deliveries with absolute Cesarean indications was
2.6% overall, ranging from 1.5% of births to Asian women to 4.2% of births to non-Hispanic
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Black women. The low proportion of births with absolute Cesarean indications estimated in our
study population is in line with other research reporting that absolute indications for Cesarean
delivery are low in overall prevalence, affecting <1% to 2% of all pregnancies, with few
differences by maternal race/ethnicity.36-39
Our findings that non-Hispanic Black and Hispanic women were more likely to have nonabsolute Cesarean indications recorded on the birth certificate are also consistent with prior
research showing that non-White women are more likely to have Cesareans performed for nonabsolute or subjective clinical indications.26-28,40,41 In addition, while rates of labor induction
differed markedly by maternal race/ethnicity, from 18% of births to non-Hispanic Black women
to 33% of births to non-Hispanic White women, differences in labor induction with no recorded
medical indication were small, ranging from 5.5% of births to non-Hispanic White women to
8.3% of births to Asian women.
In addition to limitations inherent in birth certificate data, there is no standard,
internationally-accepted system for classifying Cesarean indications, and analyses of trends and
disparities in Cesarean delivery have used different methods of classifying Cesarean indications.
While the Anderson and Lomas classification system42 is the most common approach for
classifying Cesarean indications, it is not specific to NTSV births, and it categorizes some
absolute Cesarean indications and contraindications for vaginal delivery (e.g., placenta previa
and active herpes infection) as “other indications” rather than as absolute indications.26 In
adapting the Anderson and Lomas classification approach for NTSV deliveries, we sought to
address these limitations to the extent possible with the data available. However, certain
Cesarean indications are not documented on the New York birth certificate, including failed
induction of labor, suspected macrosomia, and prior cavity-entering myomectomy. It is possible
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that some Cesareans were misclassified as having no indication for Cesarean in our analysis
because the birth certificate data do not capture all characteristics of labor and delivery.
Notwithstanding this possibility, as discussed above, the proportion of deliveries with absolute
Cesarean indications estimated through our adaptation of the Anderson and Lomas classification
approach was similar to estimates reported elsewhere.36-39
A limitation specific to our interrupted time series analyses of the effect of the 2014 ACOGSMFM recommendations on the prevention of unnecessary primary Cesareans is that we did not
have information on hospital-level measures to address the ACOG-SMFM recommendations or
on the timing of any such initiatives. A further limitation of our multilevel regression analysis is
that the number of hospitals in our study (N=39) was limited, and Schoeneberger et al.,
recommend that multilevel logistic models require a minimum of 40 groups/clusters with at least
50-100 observations per group to be able detect significant individual-level and group-level fixed
effects when intercept variances are small (e.g., ≈0.1).43 We also had limited data on hospital
characteristics, and there may be other hospital level characteristics—e.g., malpractice insurance
rates, staffing models, involvement in quality improvement collaboratives, etc.—that influence
Cesareans rates, but which we could not measure. In addition, because data on obstetric
procedures (e.g., labor induction and augmentation) are known to be under-reported in birth
certificate data, our reliance on birth certificate data for deriving a variable related to an
interventionist approach to obstetric care likely underestimates the practices we sought to
measure.

STRENGTHS
There are several notable strengths of this dissertation research, including the use of rigorous
129

epidemiologic methods, as well as a robust population-based sample and substantial number of
births across multiple hospitals and years in NYC. Our large sample allowed us to test for
interaction and stratify analyses by maternal race/ethnicity. Controlled interrupted time series
analysis is considered a robust quasi-experimental method for evaluating the effects of quality
improvement interventions or policy changes. As there are no multihospital studies assessing the
causal effects of the ACOG-SMFM recommendations on the prevention of unnecessary primary
Cesareans among women with low-risk pregnancies, our Aim 1 analysis addresses an important
gap. Similarly, while prior research has shown that Cesareans are more likely to be performed
for non-absolute indications for non-White women and that rates of labor induction differ by
maternal race/ethnicity, no previous studies have explored whether racial/ethnic disparities in
primary Cesareans are mediated by non-absolute indications or by non-medically indicated
induction of labor. As evidence of a mediation effect supports a causal interpretation of a
hypothesized relationship, our findings offer new insights into race/ethnic disparities in NTSV
Cesarean rates and the extent to which labor management practices contribute to these
disparities.
Multilevel regression analysis is also an important tool for understanding variation in health
outcomes and the level at which interventions should be targeted to address underlying causes of
health disparities.44 Although multilevel analysis has been extensively used in studying
neighborhood effects on health in the U.S., only a handful of studies have used multilevel models
to explore and quantify the variation in obstetric care that is attributable to patient- vs. hospitallevel factors.14,45-51 Even fewer multilevel analyses have examined NTSV Cesareans,45,50,51 and
none of these studies have examined how general and specific contextual effects differ by
maternal race/ethnicity, or have followed the analytic strategies currently recommended for

130

multilevel logistic regression analysis.52-54 Accordingly, our findings offer more complete and
nuanced insights about the heterogeneous associations between hospital characteristics and risk
of Cesarean delivery among women with low-risk pregnancies.

FURTHER RESEARCH
This dissertation underscores both the critical need for and challenges inherent in research to
understand racial/ethnic disparities in obstetric care. Like prior research,13,14,55 our findings
suggest that the provision of obstetric care differs by maternal race/ethnicity, and further
examination of these differences is warranted. In particular, our findings suggest that there may
be differences in care between teaching hospitals and those with no academic affiliation, as well
as between minority-serving and non-minority-serving hospitals, with non-Hispanic White
women—and to a lesser extent—Asian women being at reduced risk of Cesarean delivery at
teaching and non-minority-serving hospitals. Accordingly, it may be fruitful to explore whether
there are hospital-level processes related to obstetric care—e.g., quality assurance and/or
continuing education initiatives—at these institutions that discourage precipitous performance of
Cesareans that are potentially unnecessary and that can be avoided through appropriate labor
management.
In addition, findings from this research highlight the need to further examine differences in
care within hospitals. Our findings that hospital-level factors explain relatively little of the total
variation in Cesarean delivery and that individual- and hospital-level characteristics have limited
value for predicting Cesarean delivery invite questions about contribution of maternity care
providers within hospitals to Cesarean disparities. It is of concern that, controlling for maternal
characteristics and clinical risks, delivery in a teaching hospital was not associated with reduced
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cesarean risks among non-Hispanic Black and Hispanic women as it was for non-Hispanic White
and Asian women. Similarly, our finding that the 2014 ACOG-SMFM recommendations led to
decreases in age-standardized Cesarean rates among non-Hispanic White women at non-minority
serving hospitals—but not among other women—also raise questions about the way that implicit
bias may influence the provision of obstetric care. Examining variation in obstetric care within
hospitals and quantifying variation in Cesarean delivery at the provider level might provide
additional insights about the extent to which implicit bias may explain differential care by
maternal race/ethnicity and contribute to disparities in maternal health outcomes.
To better understand disparities in Cesarean delivery, it may also be worth using other
analytic approaches to try to disentangle the specific role of patient-mix versus hospital of
delivery. Cross-classified Multilevel Analysis of Individual Heterogeneity and Discriminatory
Accuracy (MAIHDA) has been proposed as an approach that addresses the threat of confounding
due to differences in case-mix across hospitals by simultaneously focusing on hospital averages
and the individual-level heterogeneity around such averages.56,57 Rather than model individuallevel covariates as fixed effects and hospital effects as random, the cross-classified MAIHDA
approach models both individual and hospital effects as random effects in order to partition total
individual outcome variance into components operating at different levels of analysis. It might be
useful to test this approach using the current data and compare results against those reported in
Aim 3 of this dissertation.
Finally, as birth certificate data are known to be incomplete for some maternal, obstetric and
fetal risks and conditions that were used in this analysis, it would be worth exploring what
strategies have been used to correct for potential biases introduced by data missingness in birth
certificate data, while also examining how extensive misclassification would need to be to
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explain observed findings in this study. It would also be instructive to redo these analyses using
birth certificate data linked to hospital discharge data, as linked birth certificate and hospital
discharge data have been found to provide more complete information on diagnoses and
procedures during labor and delivery.30-34 In addition, as patient medical records are considered a
valid “gold standard” for data related to procedures during labor and delivery,30 data collected
through the Consortium on Safe Labor (CSL),58 a multicenter collaborative study that collected
obstetric electronic medical record data for a cohort of women delivering at 19 hospitals across
the U.S. from 2002 to 2008 could potentially be useful for further study of non-absolute
Cesarean indications and labor induction without medical indication as potential mediators of
Cesarean disparities.

CONCLUSIONS
Although there is an extensive literature on racial and ethnic disparities in pregnancy
outcomes, factors contributing to disparities in Cesarean delivery are understudied. Work on this
dissertation helps elucidate race/ethnicity-based differences in the provision of obstetric care and
the extent to which these differences may contribute to racial/ethnic disparities in Cesarean
delivery. As provider practices during labor and delivery are potentially modifiable through
training and other hospital-level interventions, addressing differences in the provision of
obstetric care is critical for advancing birth equity and redressing persistent disparities in
pregnancy outcomes.
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